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PREFACE. 


As  the  plan  of  this  work  is  fully  given  in  the  Introduction, 
only  a  few  pointa,  chietly  of  a  personal  character,  remain  to 
be  touched  on  here. 

The  first  refers  to  the  motive  which  led  me  to  a  course 
of  studies,  extending  over  more  than  thirty  years,  of  which 
this  book  is  the  outcome. 

The  object  of  the  book  is  philosophical,  in  the  sense  now 
accepted  by  many  and  by  divergent  schools — i.e.,  it  desires 
to  contribute  somethiog  towards  a  unification  of  thot^ht. 
When  in  Uie  be^ning  of  my  philosophical  atadies  I  be- 
came convinced  that  this  is  the  task  of  philosophy,  I  felt 
the  necessity  of  making  myself  acquainted,  at  first  hand, 
with  the  many  trains  of  reasoning  by  which,  in  the 
separate  domains  of  science,  of  practical  and  of  individual 
thought,  such  a  oniScation  has  been  partially  and  snccess- 
fally  attempted.  Such  a  survey  seemed  to  me  indispens- 
able. The  possession  of  a  map  showing  the  many  lines  of 
tfaonj^t  which  our  age  has  cultivated  seemed  to  me  the 
first    requisite,    the   basis   from   which   a    more    complete 
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anificatioQ  would  have  to  start.  The  following  pages 
contain  the  result  of  this  survey.  Like  every  survey,  it 
can  claim  to  be  merely  an  approximation.  It  gives  outlines 
which  closer  scrutiny  will  have  to  correct  and  fill  up. 

My  original  intention  waa  to  complete  this  survey  in 
three  volumea,  corresponding  to  the  three  divisions  of  the 
subject  set  out  in  the  Introduction. 

Some  of  my  friends,  who  desired  that  the  publication 
of  the  book  should  not  be  unduly  delayed,  considered  that 
the  Introduction  and  the  earlier  chapters  of  the  work  would 
give  something  intelligible  in  themselves,  and  urged  the 
advantage  of  smaller  volumes.  I  therefore  decided  to  com- 
plete the  first  part  of  the  history,  which  deals  with  scientific 
thought,  in  two  volumes  instead  of  in  one. 

For  the  information  of  my  readers,  I  mention  here  that 
the  two  last  chapters  of  this  volume,  which  treat  of  the 
astronomical  and  of  the  atomic  .views  of  Nature,  will  be 
followed  in  the  second  volume  by  similar  chapters  on 
the  mechanical,  the  physical,  the  biological,  the  statistical, 
and  the  psychophysical  views  of  Nature,  and  that  it  is  my 
intention  to  close  the  first  part  of  my  subject  by  an  attempt 
to  trace  concisely  the  development  of  mathematical  thought 
in  this  century. 

My  thanks  are  due  to  many  friends  who  have  supported 
me  with  assistance  and  encouragement. 

I  consider  myself  fortunate  in  having  secured  for  the 
revision  of  the  whole  volume  the  invaluable  aid  of  Mr 
Thomas  Whittaker,  B.A.,  whose  profound  erudition,  know* 
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ledge  of  aocient  and  modem  literature,  aod  great  editorial 
experience,  were  well  known  to  my  late  friend  Professor 
Croom  Bobertson,  during  bis  successful  editorship  of  the 
first  series  of  'Mind.' 

Mr  S.  Oliver  Roberts,  M.A.,  of  the  Merchant  Taylors' 
School,  baa  kindly  read  over  the  fourth,  and  Professor 
Phillips  Bedson,  of  the  Durham  CoU^  of  Science  of  this 
city,  the  last,  chapter  of  this  volume.  The  Introduction  has 
greatly  benefited  by  a  thorough  revision  by  my  brother- 
in-law,  Dr  Spence  Watson,  a  master  of  the  English  language. 

I  must  also  thank  him  and  Dr  Thomas  Hodgkin  for 
having  given  me  what  I  value  as  much  as  assistance  — 
namely,  encouragement. 

One  indeed  to  whom  I  am  in  this  respect  more  indebted, 
perhaps,  than  to  any  one  else — whom  to  have  known  has 
meant,  for  many,  a  revelation  of  the  power  of  mind  and 
the  reality  of  spirit — is  no  more :  Ernst  Curtius.  While 
I  was  writing  the  last  pages  of  this  volume,  in  which  he 
took  a  warm  interest,  the  tidings  arrived  that  he  bad  passed 
away.  But  she  who  was  nearest  and  dearest  to  him  ia 
mill  with  us — a  true  priestess  of  the  higher  life,  who  has 
kept  burning  in  the  aoul  of  many  a  youthful  friend  the 
spiritual  fire  wheu  it  was  in  danger  of  being  quenched  by 
the  growing  materialism  of  our  age. 

J.  THEO.  MEEZ. 
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PART   I.— SCIENTIFIC  THOUGHT. 

Three  chapters  on  the  growth  and  the  difFusion  of  the  scientific  spirit 
in  the  fint  half  of  the  nineteenth  century. 


CHAPTER    I. 

IHB  BCIBNTinC  SPIRIT  IN  FBAKCK. 

Our  Matnry  the  acieotific  oentiu?,  S9  ;  Difier«nce  of  BngliBb  and  CoDtineDtal 
DotJoni  of  sdence,  91 ;  Relation  of  science  uid  life,  92 ;  ForeeMn  b; 
BaooD,  93 ;  Defsct  to  awon's  Philosophy,  94  ;  Corrected  by  Nevton,  95 ; 
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mentsof  BOTolution,  lOS  ;  Condoroet,  110  ;  Lakanal,  111 ;  Ecole  normals, 
£cole  polyteehnique,  112;  Monge's 'Descriptive  Oeomctry,' 114  ;  Science 
of  Chemisby,  114  ;  New  mathematical  scienoes,  US  ;  Crystallography, 
116;  Theory  ct  probability,  118;  lAplace  gained  bis  results  by  dis- 
n^arding  "indiiiduality,"  124  ;  The  centre  of  mterest  in  the  scienceB  of 
life,  I2S ;  Into  this  centre  Cuvier  carried  exact  researcli,  12S ;  Cuvier's 
truning,  ISS ;  Cuvier  the  greatest  reprMentaldve  of  tlie  Academic  system, 
1S6 ;  Science  during  the  Revolution  and  First  Empire,  188 ;  Popular- 
isation of  science  in  FraDoa,  142 ;  literary  and  natJooal  popularisation, 
142;  Dangers  of  the  former,  143;  The  Revolution  added  the  practical 
popularisation,  145;  Influence  of  the  first  Hapoieon  on  science,  149; 
Napoleon  &voured  the  mathematical  sciences,  151 ;  Discountenanced 
conlemporaiy  philosophy,  152;  Used  statistical  methods,  153;  Promi- 
nence given  deservedly  lo  French  names  by  Cuvier,  1G6. 

CHAPTER    II. 

THK  Bcmirnpio  spibit  im  osaxANT. 

Foondation  of  Qerman  universities,  168  ;  Development  of  the  universitiei  by 
the  people,  1G9  ;  Oeogniphical  distribution  of  tbe  univermties,  162  ;  Full 
development  of  tbe  Qerman  university  system,  lfl3 ;  Philosophical  fac- 
ulty, 1S4 ;   University  of  Qiittingen,  164 ;  Relation  of  universitiee  and 
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high  BChooU,  166 ;  The  university  »  trtuning-whool  for  research,  167 ; 
The  ideal  ol  Wiamtohafi,  IBS  ;  DeTeloped  under  the  German  university 
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istics  of  higher  mental  worfc  in  England,  23S ;  Academies  and  universities 
not  always  impartial,  240;  Fourier,  241;  Frtenel,  241;  Pliicker, 
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A  HISTOET  OF  EUROPEAK  THOUGHT 
IN  THE  NINETEENTH  CENTURY. 


INTRODUCTION. 

L 

Bkhind  the  panorama  of  external  events  and  changee  ^ 
which  history  unfolds  before  our  view  there  lies  the  ^^^ 
hidden  world  of  desirea  and  motives,  of  paasions  and 
enei^es,  which  produced  or  accompanied  them ;  behind 
the  busy  scenes  of  Life  lie  the  inner  r^ooB  of  Thought. 
Only  when  facts  and  events  cease  to  be  unconnected, 
when  they  appear  to  us  linked  together  according  to 
some  design  and  purpose,  leading  us  back  to  some 
originating  cause  or  forward  to  some  defined  end,  can 
we  speak  of  History  in  the  sense  which  the  word  has 
acquired  in  modem  langui^ ;  and  similarly  do  the 
hidden  motives,  desires,  and  energies  which  underlie  or 
accompany  the  external  events  require  to  be  somehow 
connected,  to  present  themselves  in  some  order  and  con- 
-  tinuity,  before  we  are  able  to  grasp  and  record  them. 
VOL.  L  A 
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That  which  haa  made  facts  and  events  capable  of  being 
chronicled  and  reviewed,  that  which  underlies  and  con- 
nects them,  that  which  must  be  reproduced  by  the  his- 
torian who  unfolds  them  to  us,  is  the  hidden  element  of 
4        Thought.    Thought,  and  thought  alone,  be  it  as  a  principle 
ukoh];      of  actton  or  ae  the  medium  of  after-contemplation,  is 
principle,     capable  of  arranging  and  connecting,  of  combining  what 
is  isolated,  of  moving  that  which  is  stagnant,  of  propel- 
ling that  which  is  stationary.     Take  away  thought,  and 
monotony  becomes  the  order, 
g.  This  assertion  may  seem  bold  to  many,  who  would  look 

Hlttorf  of 

ci>nr*,bow  rather  to  the  grand  phenomena  of  Nature  than  to  the 

to  be  niiil«r-  '  "^ 

■toad.  narrow  limits  of  man's  activity.  A  few  remarks  will, 
however,  suffice  to  show  that  my  proposition  is  not 
opposed  to  the  view  which  they  take.  It  may  be 
urged  that,  independent  of  human  life  altogether,  the 
earth  has  a  history,  the  planetary  system  has  a  develop- 
ment, and  that,  according  to  modem  theories,  evolution 
is  the  principle  which  governs  inanimate  as  well  as  ani- 
mated nature ;  that  rest  and  sameness  are  nowhere  to 
be  found,  everywhere  change  and  unrest.  But  change 
and  unrest  do  not  necessarily  constitute  history.  Motion 
and  change  would  be  as  monotonous  as  absolute  rest, 
were  they  merely  to  repeat  themselves  endlessly,  did  the 
whole  movement  not  produce  something  more,  and  were 
this  something  more  not  greater  or  better  than  the 
beginning.  But  greater  and  better  are  terms  which  imply 
comparison  by  a  thinking  beholder,  who  "attaches  to  one 
thing  a  greater  value  than  to  another,  judging  by  certain 
ideal  standards,  which  are  not  in  the  objects  or  process  of 
nature  themselves,  but  are  contained  only  in  his  own  think- 


Hot  IntaUj. 
gibl*  with. 
«iit  Intel. 
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ing  mind.  It  may  be  that  a  mechanical  and  mindleas  series 
of  chaoges  can  produce  numbeTa  without  end,  or  fotmB  of 
countless  variety:  but  this  process  would  desei^e  the  name 
of  history  only  if  either  the  transition  from  unit^  to  mul- 
tiplicity, or  the  production  of  formal  variety,  were  capable 
of  being  understood  by  a  thinking  mind, — if  the  result 
of  the  process  were  a  matter  of  some  concern,  if  an 
interest  were  attached  to  it,  if  a  gain  or  loss  could  be 
recorded.  The  pendulum  which  swings  backwards  and 
forwards  in  endless  monotony,  the  planet  which  moves 
round  the  sun  in  unceasing  repetition,  the  atom  of  matter 
which  vibrates  in  the  same  path,  have  for  us  no  interest 
beyond  the  mathematical  formulte  which  govern  their 
motions,  and  which  permit  us  mentally  to  reproduce,  i.e., 
to  think  them.  A  combination  of  an  infinite  number  of 
these  elementary  movements  would  have  as  little  interest, 
were  it  not  that  out  of  such  a  combination  there  resulted 
something  novel  and  unforeseen :  something  that  was 
beautiful  to  behold  or  useful  to  possess,  something  that 
was  valuable  to  a  thinking  mind  in  a  h^her  or  lower 
meaning  of  the  word. 

But  if,  even  in  inanimate  nature,  the  processes  of  change 
acquire  an  interest,  possess  a  history,  only  if  referred  to 
a  thinking  mind  which  can  record,  understand,  and  appre- 
ciate them,  how  much  more  is  this  the  case  when  we  deal 
with  human  affairs,  where  man  is  not  only  the  thinking 
beholder  but  the  principal  agent  ?  Here  the  historic 
interest  would  cease,  were  the  succeeding  years  and  ages 
to  produce  no  valuable  change,  were  the  rule  of  existence  ^ 
and  the  order  of  life  to  repeat  themselves  in  unceasing  h*^  '^ 
monotony.   The  aav.^  tribes  of  Africa  have  a  history:  but  S'li;''"** 
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Tbon^t 


this  hiatory  is  all  known  when  the  order  of  the  day,  the 
year,  at  most  of  a  generation,  is  known.  Even  the  highly 
complicated  but  stagnant  life  of  China  would  have  a  short 
historical  record — many  thousands  of  years  taking  up  no 
more  space  than  as  many  days  of  modem  European  history : 
"Better  fiftj  years  of  Europe  thui  a  cycle  of  Cathaj.* 
Thus  it  is  that  Thought  becomes  in  two  ways  a  subject 
of  great  interest  and  importance  to  the  historian.  Of 
every  change  in  nature  or  human  life  we  can  ask :  What 
has  been  its  result  in  the  world  of  thought?  What 
gain  or  loss,  what  prepress,  has  it  worked  in  the  minds 
of  men,  of  us  the  beholders  ?  Has  it  increased  our 
knowledge,  enriched  our  stock  of  ideas,  deepened  our 
ins^ht,  broadened  our  views  and  sympathies — in  one 
word,  has  it  added  to  our  interests  ?  has  it  made  larger 
and  fuller  our  inner  life  ? 

And  of  every  change  in  human  affairs  we  can  ask  this 
further  question :  What  part  has  thought,  the  inner  life, 
played  in  this  change  ?     These  two  questions  mark  the 
task  of  the  historian  of  Thought. 
T.  I  do  not  think  it  necessary  or  practicable  at  this  stage 

^Mu^i^  to  explain  minutely  the  terms  with  which  we  have  so 
far  been  dealing.  Many  a  one  might  be  tempted  to  ask 
for  a  definition  of  Thought,  or  for  a  preciser  statement  of 
the  actual  relation  between  Nature,  life,  and  Thought.^ 


'  In  refuiing  to  define  viiat  1 
mean  by  Thought,  I  take  up  the 
oppoaite  poution  t«  that  occupied 
t^  Piof.  Hai  MUller  in  hii  latest 
work,  'The  Science  of  Thought,' 
Loudon,  1BB7,  p.  1,  vhere  he  ta,j» : 
"  I  maan  b;  Thought  tha  act  of 
thinking,  tad  by  thinking  I  mean 


no  more  thui  combiniog.  I  do 
not  pretend  that  others  have  not 
the  right  of  using  Thought  in  any 
aenae  which  the;  preFer,  provided 
only  that  they  will  clearly  define 
it."  So  far  aa  definition  is  at  all  a 
port  of  the  work  of  the  hiitorian, 
I  maintain  that  it  i»  the  tttmk%  imi 


b,Goo(^lc 


INTEODDCnON. 


Snch  definitions  muBt  be  left  to  the  reader  himaelf,  if 
in  ooutse  of  the  perusal  of  these  volumefi  he  finda  it 
necessary  to  form  abstract  theories  on  these  point& 
Any  definition  given  now  would  inevitably  involve  us  in 
coutrovetmea,  which  would  be  embarrassing  and  con- 
fusing. I  rely  upon  the  general  and  undefined  sense  of 
tiie  word  Thought,  assuming  that  every  one  will  connect 
some  intelligible  meaning  with  it,  some  meaning  which 
will  enable  him  to  understaDd  the  very  general  pro- 
position with  which  we  started,  the  existence  of  an 
inner  or  hidden  world  behind  the  world  of  external 
events  and  facts,  the  continually  changing  nature  of 
this  inner  world,  and  the  connection  and  reaction  be- 
tween the  two  worlds.  Whether  in  time  end  in  im- 
portance the  outer  or  the  inner  world  ia  the  first, 
whether  within  the  latter  equal  value  attaches  to  the 
clearer  province  of  Keason,  i.e,,  defined  Thought,  to  the 
obscurer  r^ons  of  Feeling  and  Imagination,  and  to  the 
unconscious  world  of  Impulse,  these  are  questions  which 
it  is  not  necessai7  to  answer  at  present.  As  it  was 
enongh  to  point  to  the  existence  of  the  two  worlds  of 
Life  and  Thought,  so  it  will  be  enough  to  notice  that 
thonght  does  not  mean  merely  defined,  clear,  methodical 
thought,  but  likewise  the  great  region  of  desire,  impulse, 
feeling,  and  imagination,  all  of  which  play,  we  must 
admit,  a  gieat  part  in  the  inner  life  of  the  aoul  as  well 
as  in  that  of  the  outer  world. 


ontcome  of  hii  nuntive,  the  im- 
pnMHiii  whkli  he  laaveB  od  the 
s^nd  of  the  reader  when  he  bu 
pcnued  tbe  wnrk.  Hietorj  u  not 
numly  a  ecieiice  which  prooeede 
bj  mmIths  i   it  i*  the  attempt  to 


coUeot  Hid  UTSDge  b  a  living  [mc. 
tura  en  enormaui  man  of  detail. 
Too  rigid  defiuitiooa,  like  lioea 
which  are  too  hard  and  marked, 
■poil  the  total  eCbct. 
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lb  tHis  sense  of  the  vord  we  have  in  thie  following 
treatise  to  deal  with  the  History  of  Thought :  not,  how- 
ever, with  the  bistoty  of  thought  in  general,  but  with 

10.  that  of  a  defined  period,  with  that  of  the  present  iwe 
tbt  tinMst  and  the  age  iinmediately  preceding  it, — the  a^,  in  fact, 

to  which  the  writer  and  his  readers  belong,  of  which 
they  have  a  personal  knowledge  and  recollection  more  or 
less  wide  and  intimate.  It  ia  the  Utter  curcumstance 
which  has  made  me  select  this  special  portion  of  the 
history  of  thought ;  for  it  is  that  portion  of  which,  it 
seems  to  me,  I  and  my  contemporaries  should — if  we  go 
about  it  in  the  right  way — know  most.  As  every  person 
is  his  own  best  biographer,  bo  it  seems  to  me  every  age 
is,  in  a  certain  sense,  its  own  best  historian. 

11.  We  know  that  this  has  been  frequently  denied  so  far 
to'irt't"'''  ^  external  events  (that  which  many  persons  call  history 
iSd  JSS!'^  paj"  excellence)  are  concerned.  Contemporary  writers  do 
"^          not,  it  is  stated,  get  beyond  mere  records  of  events, 

records  at  once  one-sided,  incomplete,  and  confusing.  It 
is  indeed  necessary  to  have  the  recor<te  in  great  number 
and  variety :  because  the  true  and  real  record  can  only 
be  given  by  him  who  combines  all  these  many  records 
into  one,  who  avoids  the  errors  arising  from  special 
points  of  view,  from  narrowness  of  outlook,  from  indi- 
vidual ignorance,  blindness,  or  prejudice.  Still,  in  spite 
of  such  defects,  the  contemporary  records  will  always 
remain  the  most  valuable  soiirces  for  the  future  historian 
who  may  succeed  in  sifting  their  various  testimonies, 
combining  and  utilising  them  to  produce  a  fuller  and 
more  consistent  picture  of  the  bygone  age.  But  while 
his  work  may  be  only  temporarily  valuable,  theirs  is 
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lastiDg.  It  is  hardly  doubtful  that,  after  hundreds  or 
thousands  of  years  have  passed,  the  simple,  detailed,  and 
perhaps  contradictory,  narratives  of  contemporary  wit- 
nesses will  outlive  those  more  elaborate  and  artistic 
efforts  of  the  historian  which  are  so  largely  inspired  and 
coloured  by  the  convictions  of  another — viz.,  his  own — 
age.  For  as  Goethe  has  remarked :  "  History  must  from 
time  to  time  be  rewritten,  not  because  many  new  facts 
have  been  discovered,  but  because  new  aspects  come  into 
view,  because  the  participant  in  the  progress  of  an  age 
is  led  to  standpoints  from  which  the  past  can  be  re- 
garded and  judged  in  a  novel  manner."  ^ 

Most  of  the  great  historians  whom  our  a%e  has  pro- 
duced will,  centuries  hence,  probably  be  more  interesting 
as  exhibiting  special  methods  of  research,  special  views 
on  political,  social,  and  literary  prepress,  than  as  faith- 
ful and  reliable  chroniclers  of  events ;  and  the  objectivity  ii. 
on  which  some  of  them  pride  themselves  will  be  looked  ouMuntr 
upon  not  as  freedom  from  but  as  unconsciousness  on  their  >"*■ 
part  of  the  preconceived  notions  which  have  governed 
them.  But  where  the  facts  recorded  and  the  mind  which 
records  them  both  belong  to  the  same  age,  we  have  a 
double  testimony  regarding  that  age.  The  events,  and 
the  contemplating  mind,  supplement  each  other  to  form 
a  more  complete  picture,  inasmuch  as  the  matter  and  the 
medium  through  which  it  is  viewed  belong  to  the  same 
time.  And  so  it  comes  to  pass  that  historians  like 
Thucydides,  Tacitus,  and  Machiavelli  are  looked  upon  as 

I  '  Hatorialien  xur  QeMblchte  der  |  the  new  edition,  bronght  out  by 
Fwbenlehre,'  W«rke,  2M  Abtbail-      the  Q«riDMi  Ooetbe  Society. 
MDg,  Bum!  8,  p.  S89.     I  quote  from  | 
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perfect  models  in  the  art  of  writing  history,  and  the 
memoirs  of  many  modem  statesmen  are  more  lastingly 
valuable  than  the  more  elaborate  and  connected  narra- 
tives of  remote  and  secluded  scholars. 
IS.  But  if  the  contemporary  record  of  facta  will  always 

wrtSnta  ''*^®  *  peculiar  value,  however  incomplete  it  may  be, 
$^°^j     still  more  must  this  be  the  case  with  the  contemporary 
Thought      record  of  thought ;  especially  if  thought  means  the  whole 
of  the  inner  life  of  an  age,  not  merely  that  portion  which 
in  the  form  of  defined  thought  has  been  incorporated  in 
the  written  literature  of  the  age.     For  a  large  portion  of 
this  hidden  hfe  is  known  only  to  those  who  have  taken 
14.       part  in  it.    The  vague  yearnings  of  thousands  who  never 
^•Lijo'    succeed  either  in  satisfying  or  expressing  them,  the  hun- 
dreds of  failures  which  never  become  known,  the  number- 
less desires  which  live  only  in  the  hearts  of  men  or  are 
painted   only   in   their   Uving  features,  the  uncounted 
strivings  after  solutions  of  practical  problems  dictated 
by  ambition   or   by  want,  the    many  hours  spent  by 
labourers   of  science  in  unsuccessful  attempts   to  solve 
the  riddles  of  nature, — all  these  hidden  and  forgotten 
efforts  form  indeed  the  bulk  of  a  nation's  thought,  of 
which  only  a  small  fraction  comes  to  the  surface,  or  shows 
itself  in  the  literature,  science,  poetry,  art,  and  prac- 
li.        tical  achievements  of  the  age.     Equally  important,  though 
^onaht      not  equally  prominent,   this   large    body  of   forgotten 
nwceniDi.    thought   has   nevertheless    been  that  which  made  the 
measure   full,   which   heaped    the    fuel   ready   for    the 
match  to  kindle ;  it  constitutes  the  great  propelling  force 
which,  stored  up,  awaits  the  time  and  aid  of  individual 
talent  or  genius  to  set  it  free.     Philosophers  tell  us  of 
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the  wastefulness  of  organic  life,  of  the  thousands  of  germs 
whicli  perish,  of  the  hi^  volume  of  seed  scattered  use- 
loesly.  A  similar  fate  seeioB  to  fall  on  the  larger  portion 
of  intellectual  and  moral  effort ;  but  here  a  deeper  con- 
viction tells  us  that  it  is  not  the  sacrifice  but  the  co- 
operation of  the  many  which  makes  the  few  succeed, 
that  excellence  is  the  prize  of  united  effort,  that  many 
must  run  so  that  one  may  reach  a  higher  goal.  What 
other  feeling  could  console  those  l^ons  of  honest  workers 
who  spend  their  lives  in  trying  to  deal  with  the  seem- 
ingly unconquerable  host  of  social  evils,  the  apparently 
growing  vice  and  misery  of  large  towns,  who  raise  a 
cry  for  oppressed  nationalities,  or  preach  against  the 
corses  of  war  and  militarism  ?  Or  what  higher  and  nn- 
selfish  satisfaction  could  an  author  derive  from  spending 
half  a  lifetime  in  producing  a  work  which  in  the  end 
may  fall  dead-bom  from  the  press,  if  it  were  not  the 
conviction  that  in  the  cause  in  which  he  has  fuled 
another  after  him  may  succeed,  and  that  his  failure 
may  be  a  portion  of  the  silent  and  hidden  efforts  that 
co-operate  towards  a  useful  end  ?  ^  But  who  in  after- 
ages  can  write  the  history  of  this  forgotten  and  hidden 
work  of  a  nation  ?  Whose  historical  sense  is  delicate 
enough  to  feel  where  the  pressure  was  greatest  and  the 
effort  longest  ere  the  new  life  appeared,  whose  eye  pene- 
trating and  discerning  enough  to  follow  up  the  dim  streaks 


I  Leben 


*iid«i«Q  geleatot,  ivoiu  wir  wlbst 
friiher  einen  B«nif  [UMteii,  ihn  aber, 
mil  tuBDcbem  uidem,  &ufgebeii 
mimten,  d«iQ  tritl  du  ichiine 
0«fiiU  ein,  dan  die  Uenachheit  lu- 


umaeii  erat  d«r  wshre  If  enich  ut, 
UDd  dau  der  Eiuislne  Dur  froh 
und  glucUich  win  kuiD,  wqqd  er 
dsD  Muth  hat,  oich  im  OaiueD  eu 
fuhlen."— Goethe,  'W»hiheit  und 
Dicbtung,'  9lh  Book ;  Werk«,  27, 
277. 
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of  twilight,  dazzled  as  he  must  be  by  the  blaze  of  the 
riflen  aim  ?  We  who  live  in  the  expectation  ot  the  light 
which  is  to  come,  surrounded  by  the  shadowe,  difficulties, 
and  obetacles ;  we  who  belong  to  the  army,  and  are  not 
leaders,  who  live  in,  not  after,  the  fight, — we  claim  to  be 
better  able  to  tell  the  tale  of  endless  hopes  and  endeav- 
ours, of  efforts  common  to  many,  of  the  hidden  intellec- 
tual and  moral  work  of  our  ^©.^ 

How  far  back  we  who  have  lived  during  the  second 
half  of  the  present  century  may  extend  the  period  of 
which  we  claim  to  have  a  personal  knowledge,  is  a  point 
of  further  interest.  Certain  it  is  that  in  our  parents  and 
immediate  forefathers  we  have  known  the  representatives 
of  a  generation  which  witnessed  and  laboured  vx  the  in- 
terests of  the  great  Anti-Slavery,  the  Keform,  and  the  Anti- 
Com-Law  movements,  who  experienced  the  revolutions 
.  worked  by  the  introduction  of  steam-power  and  gas,  who 
took  part  in  the  great  work  of  national  and  popular  edu- 
cation abroad  and  in  the  reform  of  school-life  in  England. 
They  themaelves  went  through  the  enthusiasm  of  the 
anti-N'apoleonic  Eevolution  in  Germany,  came  under  the 
influence  of  Goethe's  mature  manhood,  were  fascinated  by 
the  stories  from  the  pen  of  the  Wizard  of  the  North,  par- 


'  CompiirewhftlA.  deTocqueviUe 
says,  'CEuv.  comp.,'  vol.  viii.  p.  170  : 
' '  Noiu  (ommsB  encore  trop  pris  des 
^TineoielitB  pour  en  coDQiJtre  l« 
d^taili.  Ce1>  paratt  liDguIier,  mnU 
eat  vrai.  Les  details  ne  «'ftppreii. 
nent  que  par  lea  r^v^tioaa  poat- 
kumei,  conteDuex  dans  let  H^- 
it  lourant  ignore  dea 
a.  Ce  qu'ila  aavent 
:   que  1ft   poateriW,   c'eal   le 


inouvement  des  esprits,  lea  pu- 
aiooa  g^adrftlea  du  t«mp<,  dont  il« 
sec  tent  encore  lea  dsmiera  fHmia- 
■ementa  duia  leur  eeprit  ou  dana 
leur  oeeur  ;  c'eal  le  rapport  vr«i  dea 
priocipaux  personnagea  at  de«  pria- 
cipaux  faite  entre  eui.  Voilh  ca 
que  lea  Touins  dee  tempa  racont^ 
aper^ivent  mieax  qua  ne  fait  la 
poaUrit^" 
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took  of  the  spirit  of  the  Komaiitic  School,  felt  the  electrical 
touch  of  Lord  Byron's  vorse,  UateDod  to  the  great  oratotB 
of  the  third  lYeuch  Bevolution,  and  could  tell  ua  of  the 
now  forgotten  spelt  which  Napoleon  I.  exercised  over 
ntitlions  of  reluctant  admirers.  Most  of  these  fascinations 
and  intereats  Uve  only  in  the  narratives  of  contemporaries 
and  surviving  witnesses,  few  of  whom  have  succeeded  in 
perpetuating  them  with  pen  or  brush,  making  them  intel- 
ligihle  to  a  future  age ;  most  of  them  die  with  the  genera- 
tion itself.  Not  only  have  we  hstened  to  their  words  and 
seen  in  their  features  the  traces  of  the  anxieties  they  lived 
through,  in  their  eyes  the  reflected  enthusiasms  and  as- 
pirations, in  their  glances  and  in  the  trembling  of  their 
voices  the  last  quiverings  of  bygone  passion  and  joy, — we 
have  received  from  them  a  still  more  eloquent  testimonial, 
a  more  living  inheritance.  But  this  we  cannot  hand 
down  to  our  children  in  the  form  in  which  it  was  given 
to  lis :  it  has  not  passed  through  our  hands  unaltered 
This  inheritance  is  the  language  which  our  parents  have 
taught  U8.  Unknowingly  they  have  themselves  altered  is. 
the  toninie,  the  words  and  senteoces,  which  they  received,  *>iich  lu- 
depositing  in  these  altered  words  and  modes  of  speech  the  J^JI^J^ 
spirit,  the  ideas,  the  thought  of  their  lifetime.  These  j!Jii'o*fihB 
words  and  modes  of  speech  they  handed  to  us  in  our  ufctT"' 
infancy,  as  the  mould  wherein  to  shape  our  minds,  as  the 
shell  wherein  to  envelop  our  slowly  growii^  thoughts,  as 
the  instrument  with  which  to  convey  our  ideas.  In  their 
languf^,  in  the  phrases  and  catchwords  peculiar  to  them, 
we  learnt  to  distinguish  what  was  important  and  interest- 
ing from  what  was  trivial  or  indifferent,  the  subjects  which 
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should  occupy  our  thoughts,  the  aima  we  should  follow, 
the  principles  and  methods  which  we  should  make  use  of. 
The  bulk  and  aubetance  of  this  they  indeed  inherited  them- 
selves ;  but  the  finer  distinctions  of  their  reasoning,  the 
delicate  shading  of  their  feelings  and  aspirations,  they 
added  and  modified  for  themselves,  modelling  for  their  own 
special  use  the  pliable  and  elastic  medium  of  the  mother 
tongue.  With  this  finer  moulding  we  have  inherited  the 
spirit  of  the  former  generation :  predisposing  us  to  certain 
phases  of  thought  and  placing  in  our  path  a  difficulty  in 
acquiring  otherwise  than  by  gradual  and  almost  irnper* 
ceptible  d^rees  the  faculty  of  assimilating  new  and  un- 
expected opinions,  tastes,  and  feelings.  Many  of  us  adhere 
to  the  special  character  and  phase  of  thought  acquired 
in  our  youth.  Some  by  learning  foreign  languages,  and 
living  in  other  countries,  gain  a  facility  for  understanding 
quite  different  phases  of  thought :  very  few  among  us 
develop  so  much  original  thought  that  they  burst  the 
shell  of  conventional  speech,  coining  new  words  and  ex- 
pressions for  themselves,  embodying  in  them  the  fleeting 
ideas  of  their  time,  the  indefinable  spirit  of  their  age. 
Once  expressed,  these  new  terms  are  rapidly  circulated, 
and  if  we  look  back  on  the  period  of  a  generation,  we 
note  easily  the  progress  and  development  of  opinion  and 
tastes  in  the  altered  terms  and  style  of  our  languf^e. 

Thus  it  is  that  the  writer,  and  those  of  his  readers 
whose  memory  carries  them  back  to  the  middle  of  the 
century,  and  whose  schooling  and  education  embodied  the 
ideas  of  a  generation  before  that  time,  can  claim  to  have 
some  personal  knowlet^e  of  the  greater  portion  of  the 
nineteenth  century,  of  the  interests  which  it  created  and 
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the  thoughte  which  stirred  it.'     It  is  the  object  of  these  „.,"-^ 
volumes  to  fix,  if  possible,  this  posBeesion ;  to  rescue  from  S'Ji.J^ 
obliTion  that  which  appears  to  me  to  be  our  secret  prop-  nuo^t' 
erty ;  in  the  last  and  djing  hour  of  a  remarkable  age  to  j^^md. 
throw  the  light  upon  the  fading  outlines  of  its  mental 
life ;  to  try  to  trace  them,  and  with  the  aid  of  all  possible 
information,  gained  from  the  written  testimonies  or  the 
records  of  others,  to  work  them  into  a  coherent  picture, 
which  may  give  those  who  follow  some  idea  of    the 
peculiar  manner  in  which  our  age  looked  upon  the  world 
and  life,  how  it  intellectualised  and  spiritualised  them. 
This  attempt  is  therefore  not  a  history  of  outward  politi- 
cal changes  or  of  industrial  achievements :  the  former  will 
probably  be  better  known  to  our  children  than  they  have        ii. 

,  .       ,  .„  ,       .  ,  Kotupolitl- 

been  to  us ;  the  latter  will  soon  be  forgotten  as  such,  or  «»i  *"S^' 
incorporated  in  the  still  greater  results  of  the  future,  for  ^^^^^ 
which  they  will  be  the  preparation.     Nor  is  it  a  history  "'*  "*" 
of  Knowledge  and  Science,  of  Literature  and  Art,  which 
I  parpoee  to  write ;  though  as  these  are  the  outcome  of 
the  inner  life,  and  contein  it,  so  to  say,  in  a  crystallised 
form,  they  will  always  have  to  be  appealed  to  for  the 
purpose  of  verifying  the  conclusions  which  we  may  arrive 


>  On  tha  diviiioD  of  Hiitory  into 
ecntmica  iM  wtwt  Du  Bou-Sex- 
numd  njs  ('Reden,'  Leiprig,  1S3S, 
ToL  i.  p.  filB),  uici  the  fuUer  dia- 
caaaoa  of  thfl  nibject  by  Pror.  O. 
Loreni,  'Die  Oe«2hichU  -  wiuan- 
•cbaft'  (Berlin,  1886,  p.  27S  $qq.) 
The  latter  refen  to  what  the  fli¥t 
birtoriaa  laji  (Hwodotui,  ii  1«8 : 
SoItoi  vpofitiriai  /lir  Irlpfir  ytnal 
trwiarai  /lipia  frfa '  r«r*iil  fit^  TfMii 
irtpiw  hwrir  Mrti  irri).  A  per- 
■on  tMHD  in  1840  can  cUim  to  have 
a  penmal  kaowlwige  of  the  la«t 


half,  and  through  hii  parent*  and 
teachers  a  knowledge  of  the  fir*t 
half,  of  the  centuiy.  In  this  utij 
it  ma;  be  laid  that  hia  penonal — 
direct  or  indinct — knowledge  ex- 
tendi over  nearly  a  century.  Lor- 
eu  laya  oorreetly:  "Filr  jaden 
einldnen  bildet  der  Tater  und  der 
graifbare  Kette 
nnd  Ertahr 
thii  appliea  even 
more  to  IdeM  and  oinuiona,  to 
Thought,  than  to  eventa  and  facta, 
a  evident. 
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M.       at.     What  will  interest  us  most  will  be  the  conscious 

Whire  th» 

th^k"'    ^''"^  ^'^  ends,  if  such  existed,  of  any  political  or  social 
toii'aie     movement,  and,  where  they  did  not  exist,  at  least  the 
wwo™htTe  results  to  our  inner  life  which  have  necessarily  followed, 
au"uii»°    the  methods  by  which  knowledge  was  extended  or  science 
applied,  the  principles  which  underlay  literary  composition 
and  criticism,  and  the  hidden  spiritual  treasure  which 
poetry,  art,  and  religious  movements  aimed  at  revealing 
or  communicating ;  in  fact  the  question :  What  part  has 
the  inner  world  of  Thought  played  in  the  history  of  our 
century, — what  development,  what  progress,  what  gain 
has  been  the  result  of  the  external  events  and  changes  ? 
as.  But  if  personal  knowledge  and  experience  are — as  it 

knowledge    Becms  to  me — of  the  greatest  importance  in  an  attempt 
«»=»?"«'■  like  this;  if,  without  having  lived  the  inner  life, a  record 
Sj^<Jnn*  ^^  ^*  would  be  either  a  mere  string  of  names  or  a  cnticism 
of'the"?"  of  opinions,  not  a  living  picture, — so  it  is  also  the  factor 
gi^D^tobii  which  necessarily  limits  the  extent  of  the  ground  which 
I  propose  to  traverse.     Thus  I  feel  obliged  in  the  first 
place  to  limit  myself  to  European  Thought     Such  a  limi- 
tation would  hardly  have  been  called  for  a  century  ago, 
because  it  woidd  have  been  a  matter  of  course :  but  the 
steady  growth  and  peculiar  civilisation  of  a  new  and 
u.        vigorous  people  on  the  other  side  of  the  Atlantic  force 
mnasDca      from  me  the  twofold  confession,  that  there  is  a  large 
tonohed       world  of  growiug  importance  of  which  I  have  no  personal 
knowledge,  and  to  estimate  which  I  therefore  feel  im- 
qualified  and  unprepared ;  and  further,  that  I  am  equally 
unable  to  picture  to  myself  the  aspect  which  the  whole  of 
our  European  culture  in  ite  present  stat«  may  assume  to 
an  outside  and  far-removed  observer  who  is  placed  in  the 


b,GoO(^lc 


INTRODUCTION.  15 

New  World.  As  this  New  World  grows  not  only  in 
numbers  and  national  wealth,  but  also  in  mental  depth, 
as  it  becomee  more  and  more  intellectualised  and 
spiritualised,  so  it  will  no  doubt  experience  the  desire  of 
recording  its  own  inner  life  and  culture,  emphasising  the 
peculiarities  which  distinguish  it  as  a  whole  from  our 
civilisation.  But  the  tendencies  of  this  new  culture  are 
to  me  vague  and  enigmatical,  and  1  frankly  admit  that 
I  am  unable  to  say  anything  definite  on  this  subject  Con- 
vinced as  1  am  that  in  human  affairs  all  outer  life  is  the 
vessel  which  contains  an  inner  substance,  the  shell  which 
enveloj^  a  growing  kernel,  I  am,  nevertheless,  unable  in 
this  case  to  penetrate  to  either,  and  must  therefore  content 
myself  with  taking  notice  of  this  vaat  new  element  of 
nineteenth-century  culture  only  where  it  comes  into 
immediate  contact  with  European  thought,  which  has 
indeed  been  powerfully  influenced  by  it  And  of  Euro-  a. 
pean  thought  itself  I  am  forced  to  select  likewise  only  '^^^•,  ' 
the  central  portion,  the  thought  embodied  in  French,  ^^^^* 
German,  and  English  Literature.  I  have  to  admit  that  J^t^' 
Italian,  Scandinavian,  and  Kussian  influences  are  ail 
around  this  centre,  sometimes  penetrating  far  into  it; 
but  here  agun  languages  unknown  and  interests  foreign 
to  me  have  made  it  impossible  to  identify  myself  ever  so 
superficially  with  the  new  life  that  is  contained  in  them. 
I  must  therefore  here  also  confine  myself  to  very  im- 
perfect and  casual  notices,  which  make  no  attempt  to 
do  justice  to  the  subject 

The  subject  before  us,  then,  is  European  Thought — i.e., 
the  thought  of  France,  Germany,  and  England — during  the 
greater  part  of  the  nineteenth  centu^.     Circumscribed  as 
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this  subject  is  by  the  limits  of  time  and  space  which  I 
have  mentioned,  it  is,  nevertheless,  still  vast,  intricate,  and 
bewildering.     And  yet  it  is  my  intention,  throughout  the 
inquiries  which  I  have  to  institute  and  in  the  various  out- 
lines and  sketches  which  I  have  to  draw,  never  to  lose 
at.       sight  of  the  unity  of  the  whole.     This  unity,  I  maintain, 
7^^t»    the  prepress  of  our  age  has  more  and  more  forced  upon 
2^^_      us.     It  is  itself  a  result  of  the  work  of  the  century.     A 
hundred  years — even  fifty  years — ago,  it  would  have  been 
impossible  to  speak  of  European  Thought  in  the  manner 
in  which  I  do  now.     For  the  seveuteenth  and  eighteenth 
centuries  mark  the  period  in  which,  owing  to  the  use  of 
the  several  vemacolar  langu^es  of  Europe  in  the  place 
of  the  mediaeval  Latin,  thought  became  nationalised,  in 
which  there  grew  up  first  the  separate  literature  and  then 
the  separate  thought  of  the  different  civilised  countries  of 
Western  Europe.     Thus  it  was  that  in  the  last  centuiy, 
and  at  the  beginnii^  of  this,  people  could  make  journeys 
of  exploration  in  the  region  of  thought  from  one  country 
to  another,  bringing  home  with  them  new  and  fresh  ideas. 
Such  journeys  of  discovery,  followed  by  impori>ation  of  new 
IT.       ideas,  were  those  of  Voltaire'  to  England  in  1726,  where 
he  found  the  philosophy  of  Newton  and  Locke,  at  that 
time  not  known  and  therefore  not  popularly  appreciated 
;».        in  France;  the  journey  of  Adam  Smith  in  1765  to  France, 
smitb.        where  he  became  acquainted  with  the  economic  system  of 
Quesnay  and  the  opinions  of  the  so-called  "  physiocrats," 
which  formed  the  starting-point  of  his  own  great  work, 

1  For  ■  DUMt  complata  ooUcctiaa  I  the  Berlin  Acftdainy,  80th  Jvuitij 
at  dat»  referring  to  thia  *ubj«ct  iS6S,  rnirtiit«d  In  the  eolleetion  Ot 
Me  Du  B4»e-B^nioDd'i  addreaa  in  |   hi*  *  Beden,'  Leipng,  ISSS,  toL  L 
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'  The  Wealth  of  Nationa.'     During  the  last  quarter  of  the 
eighteenth    centuiy   A.   G.   Werner   raified   the   Mining 
Academy  at  Freiberg,  which  had  been  founded  in  IT 6 6, 
from  a  mere  provincial  institution  to  be  one  of  the  gre&t 
centres  of  Bcientifio  light  in  Europe,  to  which  students 
from  all  parts  of  the  world  fiocked  to  listen  to  his  eloquent 
teaching.     Towards  the  end  of  the  century  Wordsworth 
and  Coleridge  went  on  a  trip  to  Germany,  whence  the        s». 
latter  brought  to  England  the  new  philosophy  of  Xant  P*™^!^ 
and  Schelling,     Madame  de  Stael,  in  an  ^e  when  tidings  ^^^^ 
of  a  new  literary  life  in  Germany  had  reached  French  I^iS'"^ 
Society  through  some  of  the  emigrants  of  the  Eevolution, 
set  herself  reluctantly  to  learn  German,'  convinced  that  a       so. 
new  phase  of  thought  had  appeared  there ;  and  then  with  j'™!^ 
Benjamin  Constant  visited  the  country  itself  at  the  end  £f^^^ 
of  1803,  and  again  in  1807.    The  result  of  these  journeys  ^*^ 
of  exploration  was  her  work  '  De  L'Allemagne.'     Whilst 
Coleridge  and  Madame  de  Stael  drew  inspiration  from 
the  new  life  which  centred  in  the  Weimar  of  Goethe  and 
Schiller,  the  scientific  students  of  the  whole  Continent 
directed  their  gaze  to  Paris,  where  alone  for  many  de- 
cades the  modem  methods  could  be  learnt,  where  the 
new  scientific  ideas  were,  so  to  speak,  collected  in  a  focus.       si 

'^  FBrlitha 

For  more  than  half  a  century  Paris  remained  the  centre  ISf",.?fl 
of  scientific  thought,*  and  even  English  philosophers,  who  "''^ 


ifl  dfl  Stael, 
Gcniuui  ed.,  tdI.  ii.  p.  4SI  i;;.  ; 
etpeciaUy  tha  renurkiible  p>B««g« 
qnoMd  ther«,  p.  4S5,  ia  ber  latter 
to  the  BaroD  da  Oenuido,  Oetaber 
1802:  "Ich  gUube  wis  Sia,  daai 
der  menaehlicbB  Qeut,  der  lu  wui- 
VOL.  L 


d«ni  achaint,  jeUt  bw  DentacbUod 
uinliuiKt  iat.'* 

>  Sae  Bnihiu,  'Life  of  A.  v.  Hum- 
boldt,' lr»iuUt«d  b;  Lawell,  vol.  L 
p.  232  :  "  NotwiUutAndiug  tha 
Hrdonio  expnanoo  of  the  fnutio 
judga,  'Noui  a'aTOD*  pu  beaoin  da 
WTuu,'  Pari*  wm  yet  at  the  doae 
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since  Bacon  and  Newton  had  followed  their  own  inde- 
pendent line  of  research,  had  to  diBCOver  in  the  second 
decade  of  the  century  that  Newton's  great  name  was  not 
a  guarantee  for  the  efficiency  of  his  methods,  which  had 
been  greatly  developed  and  improved  in  the  hands  of 
Continental  mathematicians.  These  improved  methods 
were  imported  into  England  by  three  Cambridge  grad- 
uates, Herschel,  Babbage,  and  Peacock,  who  translated 
Lacroix's  Treatise,  and  by  doing  so  gave  a  great  impetus 
to  mathematical  research  in  this  country.  Fifteen  years 
later,  students  from  all  parts  of  the  world  flocked  to  the 
small  University  town  of  Giessen  in  Germany,  thence  to 
take  home  with  them  a  knowledge  of  the  new  science  and 
methods  of  Chemistry,  taught  in  the  laboratory  of  Liebig — 
uixratoiT.  methods  previously  used  only  in  the  private  and  inacces- 
sible laboratories  of  learned  investigators.^  It  will  be  in 
M.  the  memory  of  many  how  the  philosophy  of  Auguste 
pwios^g^^  Comte,  published  between  the  years  1830  and  1840, 
^^.^^ij^  remained  without  much  influence  in  his  own  country, 
whereas,  mainly  through  the  writings  of  J.  S.  Mill  and 


Btb1)■g^ 


Llellg'a 


of  the  eighteenth  century  the 
metropolis  of  the  exact  aciences. 
Lklande,  id  writing  to  von  Zach  on 
Jiuiuuy  29,  179S,  remarks:  "The 
love  of  mathematjca  is  daily  on 
the  increase,  nut  only  with  us  but 
in  the  army.  The  result  of  this 
was  unmiBtokably  ippnrent  io  our 
last  campaigns.  Bonaparte  himself 
has  a  mathematical  head,  and  though 
all  who  study  this  science  may  not 
become  geometricians  like  Laplace 
and  Lagrange,  or  heroee  like  Booa- 
parte,  there  is  yet  left  an  influence 
upun  the  mind  which  enables  them 
to  accomplish  more  than  they  could 
possibly  hava  achieved  without  thia 
tnuning.   Our  mathematical  schools 


aj«  good,  and  successfully  accom- 
plish their  main  object  in  the 
diffusion  of  mathematical  know- 
ledge.'" Compare  also  vol.  i.  p. 
342,  referring  to  1804.  Also  vol.  iL 
p.  S2,  referring  to  the  period  1820 
to  1830.  "Humboldt  contbued 
to  regard  Paris  as  the  true  metro- 
polis of  Science  "  [p.  70),  and  mouy 
other  passages.  See  also  Steflwns, 
"Was  ich  erlebto,"  vol.  x.  p.  233, 
and  what  Ooethe  said  to  Eckermann 
on  the  contrast  of  Germany  and 
Paris  in  the  year  1827. 

'  See  A.  W,  HofiinaDn,  'The 
Life -Work  of  Uebig,'  Faraday 
Lecture  for  187G,  p.  6. 
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his  school,  it  became,  as  it  were,  a  centre  of  thought,  an 
embodiment  of  a  circle  of  modem  ideas  in  this  coimtry, 
whence  it  was  reimported  into  France  nearly  a  generation 
after  ita  first  appearance.  Something  similar  happened 
to  a,  once  neglected  but  now  renowned  English  landscape- 
painter.  Constable,  whose  pictures  when  exhibited  in  gg. 
France  in  1824  created  a  profound  sensation,  and  had  mauaDcain 
such  an  influence  on  the  artists  of  that  country  that  they 
are  said  to  mark  an  era  in  landscape-painting  there.* 

Such  journeys  of  discovery  in  the  realm  of  thought  and 
ideas  have  now  become  almost  impoBsible.  In  the  course 
of  our  century  Science  at  least  has  become  intei;national :  ae. 
isolated  and  secluded  centreB  of  thought  have  become  ■"""'"tei. 
more  and  more  rare.  Intercourse,  periodicals,  and  learned 
societies  with  their  meetings  and  reports,  proclaim  to  the 
whole  world  the  minutest  discoveries  and  the  most  recent 
developments.  National  peculiarities  still  exist,  but  are 
mainly  to  be  sought  in  those  remoter  and  more  hidden 
recesses  of  thought,  where  the  finer  shades,  the  untrans- 
latable idioms,  of  language  si^gest,  rather  than  clearly 
express,  a  struggling  but  undefined  idea.  Thought  has  ite 
dawn  and  twilight,  its  chiaroscuro  as  well  as  ita  open  day ; 
but  the  daylight  has  grown  wider  and  clearer  and  more  dif- 

'  See  Wftlter  Amutrong  in  tbe  of  the  French    School,   wag   even 

'Nineteenth    Century'    for    April  before  Huet  sad   Conatoble.     See 

1687  ;    JuUui  Heyer,  'aeBchicbte  also  what  Delacroix  wrote  to  Th. 

der   modemen  frsniiiaischen  Hal-  Sylreatre  in  1S6B :  "Comtkble  est 

crei,'  LeipQg,  18S7,  Book  7,  cb&p.  une  dee  gloirea  aoglaises.    Cot  ud 

S  ;  A.  Roaenberg,   'Oeecbichte  der  veritable  rtformateur,  aorti  de  I'or- 

DiodemsQ   EuniV   vol.   L    p.    6S.  niire  des  p»y«aigi8t«e  aooieni.   Notre 

BoMnber^  thioka  the  iDfluence  of  ^ole  a  grandement  profit^  de  sea 

Conitable  on  French  Art  is  exagger-  eiamplee  et  O^ricault  ^t^t  revenu 

ated,    and    meatJona    Paul    Huet,  tout  Jtourdi  de  I'un  dee  granda  pay- 

whoM   early   pioturee   date   from  age*    qu'U    none   avtit   envoys" 

1822.     But  an   Kngliahman,   Bon-  (quoted  bv  Emile  Michel  in  '  Grande 

mgtoD,  who,  however,  ia  claimed  h  EncjelopMie,' art  "Conitable"). 
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fused  in  the  course  of  our  centuiy,  and  so  far  as  the  greater 
volume  of  ideas  is  concerned,  we  can  speak  now  of  Euro- 
pean thought,  when  at  one  time  we  should  have  had  to 
distinguiBh  between  French,  German,  and  English  thought 
Beeerving,  therefore,  in  the  meantime  the  task  of  investi- 
gating what  still,  within  the  bounds  of  this  larger  inter- 
national life,  remains  peculiar  to  the  thought  of  each 
nation,  it  is  the  great  body  of  common  European  thought 
with  which  I  propose  at  first  to  deal  How  has  it  grown 
to  be  what  it  is  now,  what  special  contributions  have  the 
several  nations  made  to  the  general  stock,  what  is  at 
present  our  inventory  of  it,  how  has  it  been  changed  in 
course  of  the  century  ?  But  how,  it  may  be  asked,  are  we 
to  take  stock  ?  how  is  this  inventory  to  be  drawn  up  ? 
There  is  indeed  one  very  obvious  method  which  presenta 
itself,  though  it  is  not  the  one  which  I  propose  to  use 
exclusively,  or  even  largely.  And  yet  it  seems  to  me 
well  worthy  of  special  attention. 
ST.  Already  I  have  remarked  how  the  changes  of  thought 

"Wet  Ktr-   are  deposited  in  the  altered  langu^e  and  style  of  the 
M^^™     ftg"*-     -A-  closer  study  of  the  changes  which,  in  the  course  of 
''^'^*'      this  century,  have  taken  place  in  the  vocabularies  as  well 
as  in  the  styles  of  the  three  principal  European  languages  ■ 
would  no  doubt  reveal  to  a  great  extent  when  and  faow 
new  ideas  have  presented  themselves,  how  they  have 
become  fixed  and  defined  in  special  words  or  terms.     It 
would  allow  us  to  trace  to  a  very  lai^  extent  not  only 
the  growth  of  the  general  stock  of  European  thought,  but 
also  the  migration  of  single  ideas  from  one  nation  to 
udi^the    another.     And,  lastly,  it  would  exhibit  to  a  great  extent 
^SJl^     in  what  peculiar  phrases,  in  what  secluded  comers,  the 
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individual  thought  of  each  of  the  three  natioos  has  found 
refoge.'  Adj  one  who  has  attempted  to  trsoslate  from 
one  of  these  langu^^  into  another,  be  it  prose  or  be 
it  lyrical,  philosophical,  or  descriptive  poetry,  will  have 
experienced  the  necessity  of  studying  minutely  the 
meaning  or  hidden  thought  which  a  word  or  a  phrase 
may  signify;  he  will  have  been  led  to  notice  what  is 
commoa    and   what  is   peculiar   to   different   languages. 


'  ThB  only  book*  which  ti«at  . 
of  wnrda  in  the  wiue  mentioned  ' 
kboTc,  and  which  h>v«  coma  under  | 
mj  notic«,  v«  Bonn  Tcx)k«'B'Di- 
Terriona  of  Purie; '  and  ArchbiBhop 
Trench'i  little  volumea  on  '  The 
Study  of  Word*'  and  'English 
Put  and  Preaent'  80  far  aa  the 
oee  of  merely  philoaopbieal  t«nai 
i«  concenied,  I  may  refer  to  K,  i 
Encken,  'Geechichte  der  philoeo- 
phiachen  Terminolocne,'  L«ipi[|{, 
IS70.  A  great  deal  of  material  , 
for  a  reeearch  of  this  kind  may  I 
be  found  in  th«  large  Dictionaries 
of  Grimm,  Littrd,  and  Murray,  ' 
though  I  do  not  feel  sure  that  the  [ 
great  change  which  baa  come  over 
Ungna^e,  tbrou^  the  eipanaion,  ■ 
deepening,  and  diCferfintiation  of  1 
idcM  and  of  thought  in  our  age,  | 
baa  bean  specially  taken  note  of.  ! 
The  plan  of  Qrimm's  Dictionary,  I 
which  aima  at  embndug  the  <W- 
Mua  language  in  ita  development 
during  three  oenturiea,  beginning  1 
with  Luther  and  ending  with  ' 
Goethe(sea  Wilh.  Qrimm's '  Kleinere 
Scbriften,'  vol.  L  p.  SOS),  almoat 
ezcludea  the  period  which  I  am 
reviewing. 

It  i«  intereeting  to  remember 
that  Diderot,  the  fint  writer  who  1 
attempted  to  oollect  the  great  body  , 
of  modem  Thought  and  Learning  I 
.  into  an  anc^clopHidia  whole,  r»>  1 
fcrred  to  tangoage  very  mneh  in 

a  hvidred  svd  fifty  jeara  later. 


See  the  article  "  Encyclopddie," 
where  Diderot  aays  that  a  Dic- 
tionai7  ia  only  an  exact  collection 
of  titlea,  to  be  filled  in  by  the  Ency- 
clopcDdia ;  and  further  on,  p.  639 : 
"Si  Ton  compt«  lea  ht^Diea  de 
gdnie,  et  qu'ou  lea  r^pande  but 
toute  la  dur«e  dea  Bibclea  6cou]4*, 
a  eat  Evident  qu'ils  eeront  en  petit 
nombre  dana  chaque  nation  et  pour 
chaque  sitele,  et  qu'nn  n'en  trouvera 

Creaqu'aucnn  qui  n'ait  perfectionnd 
>  langue.  Lea  hommes  cniateun 
portent  <w  caracUre  particulier. 
Comma  oe  n'ot  paa  aeulement  en 
feuilletant  lea  production*  de  leur 
contemporaina  qu'ila  rencontrent 
tea  iddea  qu'ila  ont  k  employer  dana 
leurs  Merits,  mui  que  c'eat  tant^t  en 
deeoendant  profond^ment  an  eux- 
m4mea,  tantM  en  a'ljlanfant  au 
dehors,  et  portan  t  dea  regards  plu* 
Bttentit*  et  plus  ptejtran*  aur  lea 
naturea  qu'ila  envirDnnent,  ila  sont 
obligdB,  nirtout  k  I'origine  dea 
languea,  d'inventer  dea  aignea  pour 
rendre  avec  exactitude  et  avec  toroe 
ce  qu'ila  y  decouirent  lea  premiers. 
C'eat  la  chaleur  de  I'imaginatiun  et 
ta  mutation  profonde  qui  enrichia' 
aent  une  langue  d'expreaaiona  nou- 
vallea :  c'eat  la  justaaaa  de  I'eaprit 
et  la  »674iili  de  la  dialectique  qui 
en  perfectioiment  la  ayntaxa ;  a'eot 
la  commodity  dea  organaa  de  la 
(■arole  qui  I'adoueit;  c'tat  la  sen- 
aibilittf  de  I'oreille  qui  la  rend  har- 
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and  the  thought  which  they  express.  Of  Goethe  it 
may  be  said  that  he  created  to  a  large  extent  the 
language  and  style  of  that  which  is  best  in  the  modem 
literature  of  his  country.  No  such  supreme  influence 
belonging  to  a  single  individual  can  probably  be  found 
in  any  other  German,  French,  or  English  writ«r  in  our 
century,  for  reasons  which  are  obvious :  but  the  great 
French  novelists,  the  German  metaphysicians,  and  the 
ordinal  poetical  minds  of  modem  England  have  en- 
larged and  enriched  the  vocabulary  of  their  respec- 
tive langu^es,  and  have  added  a  number  of  useful 
and  novel  modes  of  expression  {touraures,  Wendutigen). 
Carlyle's  influence  has  been  great  in  introducing  novel 
epithets,  borrowed  or  imported  frequently  from  the 
German.  Matthew  Arnold  has  laboured  in  a  similar 
direction,  his  models  being,  besides  Goethe  and  Heine, 
mostly  French  authors,  such  aa  Sainte-Beuve  and  the 
introspective  school.  Germany  has  been  less  fortunate 
in  extending  her  vernacular  vocabulary:  the  facility 
which  her  language  possesses  of  assimilating  foreign  words 
and  using  them  almost  without  any  alteration  has  done 
much  to  complicate  German  style,  destroying  its  sim- 
plicity, its  graces,  the  poetical  element.  It  will,  however, 
probably  be  found  that  by  far  the  greatest  accession  to 
the  vocabularies — though  not  to  the  finer  modelling — of 
the  modem  lai^ages  has  come  from  the  influence  of  the 
sciences  on  general  culture  ajid  literature.  Well-known 
words,  long  in  use,  have  at  the-  same  time  through  this 
influence  acquired  altered  or  more  specific  meanings. 

The  vaguer  word  "  development "  has  been  supplanted 
by  "  evolution."     "  Ciflerentiation  "  has  a  definite  philo- 
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Bophio — ^not  only  a  mathematicat — meaiuDg.  The  word 
"  poBitive  "  has,  besides  the  logical  significatioii,  acquired 
at  least  two  meanings  which  are  very  specific,  and 
which  it  did  not  possesa  formerly.  "  Energy "  has, 
besides  the  general  meaning,  and  the  philosophical  one 
which  Aristotle  aseigned  to  it,  acquired  a  special  meaning, 
having  first  in  England  and  then  abroad  taken  the  place 
of  "  force "  &a  a  more  correct  and  definable  term.  In 
connection  with  it,  "  correlation  "  and  "  conservation  "  are 
terms  of  very  specific  value.  The  word  "fittest"  and  the 
phrase  "  stm^le  for  existence  "  mean  something  different 
from  what  they  meant  fifty  years  ago.  Then  there  are  41. 
the  terms  "exact"  and  "science"  themselvea,  which  mean  UKraght 

bu  found 

something  different  now  from  what  they  meant  formerly.  "**  ^'^ 

And  coming  out  of  the  more  recent  doctrines  of  the  limits 

of  hnman  and  conscious  individual  knowledge,  there  are 

the  words  "  unconscious,"  "  unknowable,"  and  "  agnostic," 

which  indicate  whole  trains  of  novel  thought     It  would 

indeed  be  an  interesting  and  useful  investigation  to  follow 

up  to  their  origin  the  many  new  words  and  phrases,  or 

the  altered  meanings  of  well-known  and  familiar  words, 

in  which  the  three  principal  European  langu^es  abound. 

It  would  be  a  methodical  study  of  the  changes  which 

thought  has  undergone. 

Nor   need   such   an   undertaking  be  based  upon  any 
particular  or  one-sided  theory  as  to  the  connection  of 
Civilisation,  Thought,  and  language.     This  century  has       «. 
not  been  wanting  in  such,  from  the  extreme  theory  of  '''J^^ 
De  Bonald,'  who  saw  in  Languf^  an  immediate  Divine  i[^^^ 
revelation,  to  the  most  recent  and  more  scientific  view  ^^S^at 

>  De  Boaiad  (17H-1840),  '  L^iiUlioD  primitive,'  Pkria,  1S02. 
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of  Max  Miiller,  who  would  absorb  philosophy  in  the 
Bdence  of  Langu^e '  in  the  same  way  aa  Astronomy  haa 
to  many  become  merely  "  une  question  d'analyae."  In  a 
certain  sense  we  can  agree  with  both  of  these  thinkers. 
Without  discussing  the  vexed  question  of  the  origin  of 
Language  and  Thought,  to  us  as  individuals,  bom  in  a 
civilised  and  intellectual  age,  words  certainly  came  earlier 
than  clear  and  conscious  thought.  The  easy  manner  also  in 
which,  through  the  use  of  our  parents'  tongue,  we  became 
introduced  into  a  complex  and  bewildering  labyrinth  of 
h^hly  abstract  i-easoning  is  little  short  of  a  miraculous 
revelation.  But,  as  I  mentioned  above,  it  is  not  my 
intention  to  study  the  development  of  European  thought 
during  this  century  by  means  of  a  close  analysis  of  the 
changes  and  growth  of  the  three  principal  languages. 
Such  an  enterprise  would  demand  an  amount  of  lexico- 
graphical knowledge  possessed  only  by  the  authors  of 
dictionaries  like  those  of  Grinun,  Littr^,  and  Mmray, 
But  though  I  am  not  qualified  for  such  a  task,  there  is  one 
special  point  on  which  I  cannot  avoid  being  drawn  into 
a  grammatical  discussion.  It  refers  to  the  word  Thought 
itself.  How  is  the  meaning  which  I  and  my  readers  con- 
nect with  this  word  to  be  expressed  in  French  and  Ger- 
'  man  ?  How  are  we  to  translate  the  word  ?  The  subject  we 
deal  with  does  not  belong  to  Ei^land  alone,  but  as  much 
to  France  and  to  Germany :  it  must  thus  have  a  name  in 
each  of  their  langu^;ee.  Now  I  believe  that  the  word 
pms^  expresses  in  French  very  nearly  the  same  thing 
which  we  mean  in  English  by  thought.     It  is  some- 

■  See  hii  '  Sdenoe  of  Thought, '  London,  18S7,  Mpedoll;  pp.  292  and 
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what  more  difficult  to  find  a  corresponding  word  in  Ger- 
man. I  have  for  some  time  hesitated  whether  to  use  the 
word  Oeitt  or  Weltanschauung,  two  terms  frequently  used 
to  express  the  a^regate  of  the  inner  life  of  an  age :  but 
have  finally  resolved  to  use  the  word  Denken,  as  this  word 
lends  itself  to  the  same  contrasts  of  Life  and  Action 
(Ld>en  und  Handdn},  denoting  the  inner  world,  whereas 
the  opposite  of  Qeiet  is  <S!oir  (matter),  and  Wtltan»ckauung, 
though  an  expressive  and  untranslatable  word,  denotes 
rather  the  outcome,  the  result,  of  thought  than  thought 
itself.  Passing  from  the  word  to  the  subject  itself,  I  find 
that  the  greater  definiteness  of  the  term  in  the  English 
language  is  accompanied  also  by  a  more  abundant  litera- 
ture of  the  subject.  The  larger  idea  of  a  Philosophy  of  tt. 
History  is  indeed  due  mainly  to  Continental  thinkers,  5'°??'^ 
especially  to  Herder,  Hegel,  Comte,  and  Guizot,  and  SlS^ 
Voltaire's  '  Si^cle  de  Louis  XIV.'  will  always  be  the 
model  of  the  historical  picture  of  a  period.  Still  it  is — 
in  my  opinion — mainly  the  writings  of  Carlyle,  Buckle, 
Draper,  Lecky,  Leslie  Stephen,  and,  considering  its  size, 
peiiiaps  more  than  alt,  Mark  Pattison's  '  Essay,' ^  which 
have  fixed  in  our  minds  the  meaning  of  the  word 
Thoi^t  as  the  most  suitable  and  comprehensive  term 
to  denote  the  whole  of  the  inner  or  hidden  Life  and 
Activity  of  a  period  or  a  nation.  I  therefore  put  in  a 
claim  to  start  with  the  use  of  the  Ei^lisb  word,  as 
sufficiently  familiar  to  most  of  my  readers,  and  request 
those  who  may  object  to  the  v^ueness  of  the  French 

'  8m     '  E«Mf I    Mid    RoTiewB,*  |  Mnuu-ki  on   it  in  th«  Pre(«c«  to 
'TaodewaM  of  B«UgMua  Thought     bi*  'Bittory  ot  Engliih  Thouglit 
in  BngUnd,  16S8-1760,'  by  Hark      in  UieEightMiith  Ceotuiy.' 
PattiwMi;    aba    Lsilie    Stepbea'a  I 


b,Goo(^lc 


26  INTRODDCnON. 

and  German  equivaleots  to  look  for  a  definitioD  of  mj 
intention  in  the  English  word  "Thought."  I  am  not 
aware  that  French  literature  posaeaees  any  "  histoire  de 
la  penafe,"  either  of  a  longer  or  shorter  period ;  I  know 
of  innumerable  works  id  German  which  cover  a  similar 
field,  but  they  have  mostly  used  the  word  Weitansckauung, 
or  expanded  the  meaning  of  Thought  into  the  wider  sense 
of  a  history  of  Civilisation  (£idturgeschichte)  or  narrowed 
it  to  that  of  Literature,  proving — as  it  seems  to  me — 
_  «'       the  real  want  of  a  concise  t«nn  such  as  the  English 

Want  of  " 

KToiJ^™'  language  now  supplies.     And  yet,  I  think  I  am  right 

»nd  Fnnch.  jj^  saying  that  the  conception  of  Thought,  in  the  sense 

in  which  I  am  using  it,  is  truly  an  outcome  of  interna- 

oonm'uofl    **°°*^'  ^°^  °^  Specifically  English  prt^ress,  and  belongs 

MTOtS-*"'   i^^ii^y  to  the  period  of  which  I  am  treating, — a  period 

titki^'^  characterised,  as  I  have  already  remarked,  by  the  great 

interchange  of  ideas,  by  the  breaking  down  of  intellectual 

barriers,  between  the  principal  European  nationalities. 

*B.        It  was  above  all  in  the  mind  of  Thomas  Carlyle,  who  first 

Omrljle  the  -^ 

tartto^t"  among  Englishmen  made  a  profound  study  of  the  intel- 
J^^^«>'  lectual  (^ncies  which  brought  about  the  great  change  id 
^'^'""  modem  Europe,  that  the  conception  formed  itself  of  an 
intellectual  and  spiritual  oi^anism,  underlying  and  moving 
external  events.  He  first  gave  the  peculiar  sense  to  the 
word  Thought,  in  which  we  here  employ  it,  and  made  it 
an  object  of  special  study  for  those  who  came  after  him  ; 
an  object,  indeed,  definable  in  various  ways  and  to  be  con- 
templated from  differing  points  of  view,  but  yet  a  some- 
thing, a  power  recognised  by  every  one,  and  for  which  no 
better  word  could  be  invented.  No  other  language  has  a. 
word  ao  comprehensive,  denoting  at  once  the  process  and 
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the  result,  the  parts  aud  the  ideal  whole,  of  what  is  felt 
and  meant :  it  commits  ua  to  oo  pTeconceived  theory, 
can  be  used  equally  hy  thinkers  of  the  most  opposite 
views,  and  tends  itself  to  any  specialisation  which  may 
become  necessary. 


II. 


Two  procefises  have  helped  to  detennine  the  intel-  i. 
lectaal  progress  of  mankind.  These  two  processes  have  £^JJ^^, 
often  been  apparently  opposed  to  each  other  in  their  p'^b™"- 
operations ;  but  in  reality  neither  of  them  can  proceed 
very  far  without  calling  the  other  into  existence.  They 
are  the  extension  and  the  condensation  of  knowledge. 
Curiosity,  the  demands  of  practical  life,  the  experiences 
of  every  day,  all  tend  to  an  enlargement,  to  an  accumula- 
tion of  knowledge.  Such  growing  knowle<^  is,  however, 
of  little  avail  if  it  be  not  readily  grasped :  the  command 
of  knowledge  is  as  important  as  its  accumulation.  The 
more  extensive  the  country  which  we  wish  to  explore,  the 
more  we  look  out  for  elevated  and  commanding  points 
of  view,  which  permit  us  at  a  glance  to  overlook  a  wide 
landscape  measuring  the  distance  behind  or  the  prospect 
before  us.  But,  however  enticing,  these  elevated  views 
are  frequently  seductive  and  misleading.  They  permit  us 
not  only  to  look  backward  on  the  land  which  we  have 
explored,  giving  vb  a  clearer  picture  of  its  many  features, 
of  its  winding  paths,  of  the  position  of  its  separate  objects 
— these  elevated  views  present  to  us  likewise  the  regions 
which  we  have  not  yet  explored,  and  surest  the  attempt 
to  supeisede  the  laborious  process  of  further  exploration 
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b;  the  more  delightful  venture  of  filling  up  the  dim  out- 
lines which  we  see  before  us,  with  analogies  of  past  ex- 
perience or  creations  of  our  inu^nation.  And  even  if 
we  do  descend  into  the  plains  and  continue  the  minuter 
and  more  laborious  search,  we  cannot  rid  ourselves  of  cer- 
tein  preconceived  but  frequently  misleading  ideas  which 
the  superficial  glance  has  impressed  on  our  minds. 

The  condensation  may  become  an  idealisation  of  know- 
ledge. History  affords  numerous  examples  of  these  dif- 
ferent st^es  of  prioress ;  centuries  of  dull  accumulation, 
of  unmethodical  and  ill-arranged  learning,  have  been  fol- 
lowed by  short  periods  of  enlightenment,  by  the  trium- 
phant shout  of  sudden  discovery  or  the  confident  hope  of 
invention.  Patient  work  and  real  progress  have  for  a  long 
time  been  repressed  by  the  allurements  of  seductive  phan- 
toms, which  have  had  to  be  abandoned  after  an  immense 
waste  of  labour.  New  prospects  have  suddenly  opened 
the  view  into  vast  unexplored  regions,  heights  have  been 
gained  from  which  the  whole  of  human  knowledge  ap- 
peared for  the  moment  condensed  into  a  single  truth  or 
idealised  into  a  vision,  and  again  these  delightful  achieve- 
ments have  for  a  time  appeared  lost  in  an  all-pervading 
discouragement  and  dismay. 

Whether  our  century  has  been  characterised  by  any 
one  or  by  a  succession  of  several  of  these  varying  moods, 
is  a  question  which  I  hope  to  answer  in  the  sequel  For 
the  present  it  is  sufficient  to  note  that  in  both  directions — 
in  that  of  accumulating  and  in  that  of  condensing  and 
,  idealising  knowledge — the  efi'orta  of  the  nineteraith  cen- 
tury have  been  many  and  conspicuous.  In  the  former  it 
is  altogether  unparalleled,  whereas  in  the  latter  it  has 
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probably  not  equalled  the  ideal  greatneas  of  Greece  in 
the  Pehclean  t^,  the  brilliancy  of  the  fienaissance  in 
Italy,  or  the  great  discoveriee  of  the  Bizteentb  and  seven- 
teenth centuries  in  France  and  Ei^;land.     But  what  our 
oentoiy  has  done  is  this :  it  baa  worked  out  and  deposited  ^,    *'  ^^ 
in  special  terms  of  language  a  clearer  view  of  the  correct  ™,;;2lti^ 
methods  for  extending  knowledge,  and  a  pecidiar  concept  ^^^q^ 
tion  of  itfi  possible  unity.     At  one  time — and  that  not  jIa^X  un- 
very  long  f^o — the  word  truth  seemed  to  indicate  to  the  ladge. 
seeker  not  only  the  right  method  and  road  for  attaining 
knowledge,  hut  also  the  end,  the  crown  of  knowledge. 
"  Truth,  and  nothing  but  tmth,"  sdems  still  to  the  popular 
mind  the  right  maxim  lor  seeking  knowledge — the  whole 
truth  stands  before  it  as  the  unity  of  all  knowledge,  were 
it  found.     I  think  it  is  now  sufBciently  clear  to  the  scien-       s. 
tific  inquirer,  as  well  as  to  the  philosopher,  that  love  of  truth  dm 

^  r  r         '  »!« end  of 

truth,  while  it  does  indeed  denote  the  moral  attitude  of  the  J|JS^£2^ 
inquiring  mind,  is  insufficient  to  define  either  the  path  or  nl'^^^ii.. 
the  end  of  knowledge.     "  What  is  truth  ? "  is  still  the  un-  '°*  "'"^ 
solved  question.     The  criteria  of  truth  are  still  unsettled. 
It  would,  indeed,  be  a  sorrowful  experience,  a  calamity  of 
unparalleled  magnitude,  if  ever  the  moral  ideas  of  truth 
and  faith  should  disappear  out  of  the  soul  of  either  the 
active  worker  or  the  inquiring  thinker ;  but  it  is  with 
these  as  with  other  treasures  of  our  moral  nature,  such  as 
goodness  and  holiness,  beauty  and  poetry — our  knowledge 
of  them  does  not  be^,  nor  does  it  increase,  by  definition ; 
and  though  in  the  unthinking  years  of  our  childhood  we 
acqnire  and  appropriate  these  moral  possessions  through 
the  words  of  our  motber-tongue,  they  rarely  gain  in  depth 
or  meaning  by  logical  distinctions  which  we  may  leani, 


b,GoO(^lc 


Uethodof 
!icl«nUBe 
iuqalTT- 


30  INTRODUCTION. 

or  to  which  we  have  to  submit,  in  later  life.  These  do 
not  touch  the  eeaence,  thov^h  very  frequently  they  may 
succeed  in  destroying  the  depth,  of  our  convictions. 

In  the  place,  then,  of  the  high-sounding  but  indefinable 
search  after  truth,  modem  science  has  put  an  elaborate 
method  of  inquiry:  this  method  has  bo  be  learnt  by  patient 
practice,  and  not  by  listening  to  a  description  of  it.  It  is 
laid  down  in  the  works  of  those  modem  heroes  of  science, 
NSi'imi,*t,  from  Galileo  and  Newton  onward,  who  have  practised  it 
Bi™,  ^  successfully,  and  from  whose  writings  philosophers  from 
Mtu,  ic.  Bacon  to  Comte  and  Mill  have — not  without  misunder- 
standing and  error — tried  to  extract  the  rationale.  These 
methods  will  take  up  a  large  portion  of  our  attention. 
For  the  moment  it  is  important  to  note  that  the  result  or 
aim  of  scientific  inquiry  does  not  dictate  the  methods, — the 
purely  scientific  inquirer  does  not  know  where  the  path 
will  lead  him :  it  is  sufficient  that  it  be  clearly  marked. 
Modem  science  defines  the  method,  not  the  aim,  of  its 
work.  It  is  based  upon  numbering  and  calculating — in 
short,  upon  mathematical  processes ;  and  the  prepress  of 
science  depends  as  much  upon  introducing  mathematical 
notions  into  subjects  which  are  apparently  not  mathe- 
matical, as  upon  the  extension  of  mathematical  methods 
and  conceptions  themselves.  The  terms  "exact"  and  "posi- 
tive" are  current  in  the  Continental  and  English  languages 
to  denote  these  methods  and  their  application.  Now  to 
any  one  who  does  not  stand  in  the  midst  of  the  scientific 
work  of  the  age,  it  might  appear  as  if  by  merely  following 
Disintigi*.  *  defined  method  which  is  capable  of  numerous  modifica- 
tions,— by  treading  a  clear  path  which  in  its  course  leads 
us  to  endless  equally  defined  ramifications, — the  scientific 
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inquirer  is  loeing  daily  more  and  more  those  elevated 
TiewB,  those  points  of  condensation,  those  uniiying  and 
idealising  aspects  on  which,  as  it  seems  to  us,  the  com- 
mand and  grasp  of  knowledge  depends.  This  is  indeed 
almost  inevitable  so  far  as  the  older  ideaa  are  con- 
cerned. Unity  of  knowledge,  order  and  harmony,  even 
completeness  and  symmetry,  truth  and  beauty,  are  indeed 
no  longer  of  direct  use  as  canons  for  the  scientific  inquirer, 
any  more  than  the  mysteries  once  supposed  to  be  inherent 
in  certain  numbers.  Though  we  still  live  under  the 
charm  of  such  entities,  however  much  we  may  try  to  get  rid 
of  them,  it  must  nevertheless  be  admitted  that  the  poetical, 
philosophical,  and  religious  aspects  of  things  seem  to  recede  b- 
into  an  increasing  distance  from  the  scientific ;  they  do  not  ^'*''°* 
guide  scientific  search ;  it  does  not  receive  from  them  much  J^J^  "^ 
support  Have  both  sides  been  losers  by  this  change  ? 
So  far  as  science  is  concerned,  it  can  claim  to  have  attained 
by  it  not  only  a  greater  formal  completeness  and  certainty 
of  pn^ress,  but  also  another  very  important  advantage 
which  was  unknown  to  ancient  and  mediaeval  research. 

This  advantf^  consists  in  the  closer  connection  be*        g. 
tween  science  and  practical  life.     The  same  mathematical  nection 

between 

spirit  which  governs  scientific  methods  rules  also  in  trade,  «)™<"  ^<^ 
commerce,  and  industry,  and  is  gradually  penetratii^  into 
the  professionB,  such  as  medicine,  law,  and  administration. 
For  all  these  pursuits  have  either  directly  to  do  with 
numbers,  measures,  and  weights,  with  dlatancea  of  space 
and  time,  or  they  have  found  it  necessary  to  introduce 
an  elaborate  system  of  statistics  and  averages  through 
which  the  irregularity  and  captiousness   of  subjective  ■ 

and  individual  influences  are  practically  eliminated.    The 
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problems  of  scientific  research  have  thus  enormooBly  in- 
creased ;  each  advance  in  science  increases  our  command 
of  certain  measurable  phenomena  in  practical  life ;  each 
new  development  in  the  latter  prepares  a  new  field  for 
scientific  inquiry.  The  contact  between  science  and  life 
has  become  more  intimate  in  the  course  of  our  century. 
This  to  a  great  extent  has  counterbalanced  the  tendency 
of  modem  scientific  method,  which,  operating  alone,  would 
have  led  to  endless  specialisation ;  for  it  is  the  pecaliaril7 
10.       of  all  practical  problems  that  they  cannot  be  isolated  in 

BoUdm^oT  r  r  j 

*"KSfc°*'  same  way  as  scientific  experiments — that  they,  in  fact, 
force  upon  us  the  necessity  of  looking  at  a  lai^  number 
of  surrounding  and  extraneous  circumstances,  at  the  total- 
ity of  life  and  its  interests.' 

If  our  centuiy  can  claim  to  have  firmly  established 

exact  or  positive  methods  in  science  and  life,  and  to  have 

furthered  in  this  way  the  interests  of  both,  the  question 

_  lu       remains,  Has  nothittt;  been  done  to  uphold  those  older, 

j^jj*«iti>    those  time-hallowed  ideals  of  truth,  beauty,  and  wisdom 

tha'dMie     wbich  to  former  ages  seemed  to  denote  the  miifying  and 

'^"'"        harmonising  principles  of  science  and  life?     What  has 

become  of  philosophy,  art,  and  religion,  which  were  once 

intrusted  with  the  special  care  of  those  ideals,  charged 

with  preventing  the  falling  asunder  of  the  many  branches 

of  knowledge  and  pi-actice,  and  expected  to  save  us  from 

a  Ices  of  the  belief  in  the  integrity,  interdependence,  and 

co-operation  of  all  human  interests  ? 

'  ScieDoe  dools  with  thinn  in  the  i   Id  thii  distinotitHi  lies  the  value  o( 

■b«tract,iti  thrir  uoUtion,  invocwo.  Lotze's  deGaitdoD  of  tha  nolj^  of 

Pniotica[  life  deals  with  the  same  ■  thing  u  "  ■  Btandlng  in  relation," 

thin^  in  their  position  in  Che  real  viz.,  to  other  Chiogs,  to  all  thing*. 

world,  BiuToUDded  b;  other  things.  I   3ee  '  Microooemui,  book  ix. 
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Unless  I  believed  tliat  our  age  was  elaborating  a  deeper       ii 
and  more  signiiieant  conception  of  this  unity  of  all  human  "p"™  °' 
interests,  of  the  inner  mental  Ufe  of  man  and  mankind,  ^^^^ 
I  do  not  think  I  should  have  deemed  it  worth  while  to 
write  the  following  volumes :  for  it  is  really  their  main 
end  and  principal  object  to  trace  the  co-operation  of  many 
agencies  in  the  higher  work  of  our  century ;  the  growing 
conviction  that  all  mental   efTorta  combine  together  to 
produce  and  uphold  the  ideal  possessions  of  our  race ;  that 
it  is  not  in  one  special  direction  nor  under  one  specific 
term    that   tills   treasure   can   be   cultivated,  but  that 
individnals  and  peoples  in  their  combined  international 
Ufe  exhibit  and  perpetuate  it. 

A  number  of  words  have  duriiui  this  century  been  in-       is. 
troduced  by  various  systems  of  philosophy  to  denote  this  ^™  ^ 
unity  of  the  inner  hfe  of  mankind :  Heel's  Qeist,  Comte's  '^■"^tj-- 
Humanity,  Lotze's  Microcosm,  Spencer's  Social  Organism, 
all  refer  to  special  sides  and  aspects  of  the  same  subject 
And  it  is  interesting  to  note  how  the  great  schoob  of 
Idealism  in  Germany,  of  Positivism  in  France,  of  Evolu- 
tion— physical  and  mental — in  England,  and — in  spite  of 
their  apparently  disintegrating  tendencies — how  the  social 
chaises  of  the  Eevolution  and  the  specialisations  of  science 
have  fdl  combined  to  emphasise  this  unity  of  human  life 
and  interests.  ,  To  show  this  in  detail  is  the  object  I  have 
in  view.     So  far  we  have  not  committed  ourselves  to  any 
of  the  many  existing  theories :  the  word  Thought  seems  to       u. 
me  to  be  capable  of  the  widest  application,  and  to  denote  Thcnigtit. 
in  the  most  catholic  spirit  whatever  of  truth  and  value 
may  be  contained  in  the  combined  aim  and  endeavour  of 

VOL.  I,  C 
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all  these  modem  aepirations.     A  histor;  of  this  thought 
will  be  a  definition  of  Thought  itself. 

Much  has  been  done  in  the  courae  of  this  century  to 
prepare  for  an  undertaking  such  as  the  one  before  me.  It 
will  be  well  to  review  shortly  this  special  side  of  modem 
literature.  We  have  indeed  passed  out  of  what  may  be 
called  the  ^e  of  encyclopwdic  treatment  of  learning — the 
hundred  years  from  the  middle  of  the  last  to  the  middle 
of  the  present  century.'  The  plan  of  such  an  arrangement 
of  knowledge  belongs  to  an  earlier  period,  the  period  im- 
mediately succeeding  the  birth  of  modern  science.  Lord 
Bacon  was  the  father  of  it,  but  neither  he  nor  the  most 
encyclopeedic  intellect  of  modem  times,  Leibniz,  did  much 
to  realise  the  idea,  and  it  was  reserved  for  the  genius  and 
the  labours  of  Diderot  and  d'Alembert  ^  in  France,  in  the 


'  "  Eacyclopeedia 


log  for  1768. 

*  Diderot's  "  Proepectua  "  to  the 
'  EnoydopWia '  appeared  1760 ;  the 
fint  volume  appeared  1761  with  the 
oelebrated  "Discoan  pr^limiuaite  " 
ot  d'JJembert  and  a  reprint  of  the 
"  Proepectiu."  The  complete  title 
mta  'EncjdopMie  ott  dictJoDiiaire 
taisoDD^  dee  eciencee,  dee  arte  et 
m^liera,  par  uoe  soci^td  de  gens  de 
lettres,  mis  en  ordre  et  public  par 
Diderot  et  d'Alembert,'  The  priD- 
ciples  which  guided  the  editora, 
and  the  object  ot  the  work,  are  ei- 
phuaed,  with  repeated  referencea  to 
Lord  Bacon,  in  thig  introduction, 
aa  well  a*  in  the  article  "Encyclo- 
p^ie,"  in  the  fiftii  volume  (1765), 
which  was  written  by  Diderot,  and 
occupied  2S  pages.  See  alio  Did- 
erot'i  'Peiute*  eur  l'int«rpr^t«tion 
de  la  Nature,'  published  anony- 
mously in  1761. 


Copious  details  about  the  history, 
the  reception,  and  the  influence  of 
the  '  EncyclopMie '  are  to  be  found 
in  the  correspondence  and  nemoin 
of  Orimm,  d'Alembert,  and  Vol- 
taire. Madame  d'Epinay,  the  Abb6 
Morellet,  and  many  others.  They 
are  combined  into  a  concise  narra- 
tive, giving  all  the  important  facta, 
in  RoaenkranE's  '  Leben  und  Werke 
Diderot*,'  2  vols.,  Leipeig,  1S66, 
and  in  John  Morley's  '  Diderot.' 

It  is  iotarestiog  to  note  how  tlie 
idea  of  the  unifying  sod  life-giving 
influence  of  thought  was  as  familiar 

bannit  I'homoie  ou  I'Stre  pensaot 
et  coutemplateur  de  dessus  la  sur- 
face de  la  terre ;  ce  spectacle  path  j- 
tique  et  sublime  de  la  nature  u'eat 
plus  qu'une  seine  triste  et  muette. 
L'uuivera  >e  talt ;  le  silence  et  la 
nuit  s'en  emparent.  Tout  sechange 
en  une  vaste  solitude,  oh  lea  ph^no- 
niines  inobservda  so  passent  d'une 
nianiire  obscure  et  sourde^    .    .    . 
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middle  of  the  eighteenth  century,  to  cany  out  the  plan, 
foreshadowed  in  the  '  N'ovnm  Organum,'  of  collecting  all 
knowledge,  which  had  been  accumulated  ever  since  science 
had  been  Uberated  from  the  tetters  of  theology,  into  one 
comprehensive  whole.  It  must,  however,  be  admitted 
that  whilst  the  practical  end  of  these  laborious  under- 
takings, the  diffusion  of  knowledge,  has  certainly  been  it. 
greatly  furthered,  the  original  idea,  that  the  sum  of  5JS^^ 


human  knowledge  is  an  oi^nic  whole,  has  in  the  exe- 


gndtull]' 
loat  Bight 


cation  been  by  degrees  entirely  lost  sight  of.     The  unity  ^i^ 
of  thought  and  knowledge  was  indeed  referred  to  in 
Diderot's  "  Frospoctus  "  and  d'Alembert'e  "  Discours  pr^> 
liminaire,"  and  in  the  introduction  to  Ersch  and  Gruber's 
great  Encyclopscdia,*  as  also  in  Coleridge's  celebrated  essay 


Voilk  OS  qui  nouB  a  d^termia^  li 
chercbcT  dans  In  facultdsprindpttlM 
de  rhomme  la  division  g^n^rale  L 
UqueUe  DDUt  avoDi  ■ubardotm^ 
Dotre  tnvaiL" — Artids  "Encyclo- 
pSdie,'  p.  611. 

'  Erach  undOruber'i 'Allgemeine 
EncyclofHidie  der  WiaMnwhaft^n 
und  Eilnste,' Leipeig,  1818  to  187^ 
UDfiTu>h«d,lftlTolB.  It  wB<  founded 
by  ProfoBor  Joliaau  Suuuel  Ench, 
lil«arian  at  Halle  ia  1813,  auisted 
hj  Hufeland,  Orub«r,  Hsier,  and 
Krockhaua,  and  contained  contri- 
butioDR  by  the  mo«t  learned  nnd 
«mineat  Germani  of  the  century. 
It  ia  intei«tting  to  compare  the 
plan  and  principles'  which  guided 
the  editors,  as  expounded  in  the  in- 
troductioitB  to  the  fir«t  and  aecond 
volumes,  with  the  corresponding 
diaaertationi  preSied  to  the  'Ency- 
clopWie  '  in  France  and  the  '  Eni^- 
elopsedia  Metropolitana'  in  England. 
The  unity  aimed  at  by  Baoon  was 
either  purely  formal,  securing  only 
uniformity  and  oompleteneti  ot 
trcattuent,  «r  it  km  that  of  prac- 


tical usefulness — the  philosophy  o( 
fruit  and  progress.  The  plan  adopt- 
ed by  Diderot  and  d'Alembert  could 
hardly  attain  anything  more  than 
this.  Coleridge,  nursed  in  Oermao 
philosophy,  and  deeply  impresaed 
with  the  fact  that  there  is  a  higher 
view  than  that  of  Lord  Baoon,  and 
that  such  is  to  be  found  rather  in 
writers  like  Plato  and  Shakespeare, 
uses  the  word  method  in  a  much 
wider  sense.  He  was  deeply  affect- 
ed by  the  spirit  of  the  idealisUe 
philosophy,  which  waa  toreign  to 
Bacon  and  unduly  despised  b;  him. 
In  the  idealietjc  systems  of  the 
Contiuent,  beginning  with  Kant, 
the  opinion  was  current  that  tbe 
methods  and  treatment  of  science 
alone  were  inauffldent  to  close  tbe 
circle  of  knowledge.  The  truly 
enoyciopcGdic  view  waa  only  possible 
in  a  scientific  inveatigatioc  speci- 
ally carried  on  for  that  purpose, 
and  this  waa  considered  to  be  one 
of  tbe  main  object*  of  philosophy. 
Thus  Kant  in  many  paasagea  of  hia 
works,  notftbly  vol.  ii.  pp.  377,  S7S, 
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on  the  science  of  method  prefixed  to  the  '  Encyclopfcdia 
Metropolitana ' ;  but  the  result  haa  shown,  what  was  not 
evident  to  Lord  Bacon,  that  neither  a  systematic  divisioa 
of  learning  according  to  some  Ic^cal  principle,  nor  the  his- 
torical identity  of  the  beginnings  of  all  branches  of  know- 
le^e,  can  in  the  end  preserve  the  real  unity  and  integrity 
of  thought.  The  work  of  the  advancement  of  learning, 
if  it  be  once  handed  over  to  different  sciences  and  in- 
trusted to  separate  labourers,  does  not  proceed  in  a  cycle 
which  runs  back  into  itself,  but  rather  in  the  rings  of  an 
ever-increasing  spiral,  receding  more  and  more  from  the 
common  origin.  Such  is  the  impression  we  get  if  we 
contemplate  the  unfinished '  rows  of  Eisch  and  Qruber's 


613  ;  vol.  iii.  pp.  ISS,  312 ;  vol.  v. 
p.  312(RoaeDkranE'BediticlD),«8ped- 
■lly  the  two  followioft:  "Philoa- 
ophy  is  the  only  science  which  can 
procure  for  ub  inner  mtiefftctinD, 
for  she  closes  the  scieatific  cycle, 
and  through  her  only  do  the  acien- 
cea  receive  order  and  connection." 
And:  "Mere  '  ToAuiffTopla '  ia  it 
cyclopeau  learning  which  want*  one 
eye— the  eye  of  Philosophy— and 
M  cyclopB  among  mathematiciiuis, 
biitoriMiB,  catui^sts,  philologiutc, 
and  linguists,  is  a  Bcholar  who  a 
great  in  all  ttieae  lines,  but  htving 
these  oonuders  all  philoaophy  as 
miperfluous."  Still,  with  Kant 
Pbiloaophy  i>  not  an  "inttrument 
for  the  extension,"  but  merely  a 
study  of  ' '  the  limits  ot  knowledge  " ; 
■he  does  not  "discover  truth," 
but  only  "prevents  error."  This 
modest  definition  was  given  up  in 
the  ^BtemB  of  Ficbte,  Schelling, 
and  Hegel,  who  maintained  that  a 
certun  kind  of — and  thia  the  higbeet 
— knowledge  could  be  attaint  by 
atartini  from  one  highest  principle 
deductiTely :  the  aJl  -  embracing, 
•lu^clopeedic  efaaracter  of  philoeu- 


phical,  speculative  knowledge  was 
increasingly  emphasiaed,  and  thia 
not  only  in  special  le«ture«  on  the 
subject,  ■■  in  flchte's  lectures  oa 
"The  Nature  uf  the  Scholar,"  in 
Scbelliog's  oo  "The  Method  of 
Academic  Study,"  in  Hegel's  '  Ency- 
clopaidia  of  Philoaophy.'  bub  also 
in  the  r^eneration  and  reform  of 
many  older  and  iu  the  foundation 
of  new  uuiveraities  and  academies 
throughout  Qennany.  The  great 
'Encyclopaedia'  of  Erach  and  Oruber 
was  planned  in  a  similar  epiriC,  as 
the  reform  of  university  te*chiog 
and  of  academic  learning.  This 
reform  has  been  of  the  greatcat  im- 
portance to  the  German  nation  and 
to  the  interests  of  acience  and 
knowledge.  Tlie  Encyclopiedia,  on 
the  other  hand,  haa  remained 
iocomplete,  a  huge  but  abortive 
attempt  to  combine  not  only  the 
principles  of  knowledge,  but  also 
the  colossal  and  growing  volume  of 
'■   '-■      .  systematic  whole. 


■  of  i1 


dently  not  sufficiently  impressed 
with  the  two  very  essentul  con- 
ditions which  make  a  work  of  tliia 
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volumes,  or  if  we  r^Mignise  the  fact  that  the  more  useful 
and  popular  publications  of  our  daj  have  abandoned  the 
philoeophical  introductions  and  preliminary  discourses^ 
by  which  the  earlier  works  preserved  a  semblance  of 
unity  and  method,  and  are  contented  to  be  merely  useful 
dictionaries  of  reference.  The  encyclopasdic  treatment  of 
knowledge,  the  execution  of  Lord  Bacon's  scheme,  has 
shown  that  the  extension  and  application  of  learning 
leads  to  the  disintegration,  not  to  the  unification,  of 
knowledge  and  thought.  A  conviction  of  this  sort  is 
no  doubt  the  reason  why  in  German  universities  lectures 
on  "  Encyclopadie "  have  been  abandoned.*  They  were 
very  general  and  popular  in  the  earlier  years  of  the 
century,  when,  under  the  influence  of  Kant,  Fichte,  and 


abandoned 
in  Ofiimiia 
uuivanltdN. 


kind  vBeful — pu.,  th^t  it  miut  be 
finubed,  howaver  imperfocb  it  ida; 
be,  and  that  it  mnat  be  completed 
within  a  limited  time,  on  aocouDt  of 
the  revoluUoiu  and  imaller  changes 
in  thoDKht  and  knowledge.  Tbe«e 
«neDti>l  muditioDB  were  ajwaya  be- 
fore the  miud  of  Diderot.  See  his 
article  "  Kncfclop^die,"  pp.  636-644. 
'  The  object  of  the  philosophical 
introdnctioiu  has  in  course  of  this 
century  been  much  more  completalr 
attained  b;  auch  works  as  Hill^ 
'  Logic '  and  Jevons'a  '  Principles  of 
Seienoe';  whilit  the  " prelim inar; 
ilimri  tntinnn,"  auch  as  were  con- 
twned  in  tbe  older  editions  of  the 
*  Encycloptedia  Britannica,'  have 
been  partiallf  tuperaeded  by  works 
Lke  Whewell's  'History'  and  his 
'  Philoaophy  of  the  Inductive  Sci- 
«uces,'  in  which  the  common  origin, 
the  geneui,  the  continuous  develop- 
ment  and  interdependence  of  the 
diffsrent  sciences,  are  traced.  The 
value  in  this  respect  of  an  under- 
taking like  ttiat  of  tbe  Rojal  Ba- 


varian Academy  ('Oeachichte  der 
Wissenschaften  in  Deutechland,' 
vol.  i.,  1864  :   it  has  now  reached 

22  Tuls.,  the  sdence  of  War  aignifi- 
cantly  filling  three  large  volumes, 
that  of  MathemaUci  one  small  one) 
is  much  diminished  bj  the  title 
suggesting  that  science  ii  a  nation- 
al, not  a  cosmopolitan  or  intema- 
tional  conoem.  Fortunately  many 
of  the  coatributors  to  this  impor- 
tant and  highly  useful  publication 
have  not  limited  tjieir  narratives 
to  purely  German  acience,  but  have 
largely  taken  notioe  of  non-Qerman 
research.  Special  reports  on  the 
state  of  any  ecieoce  or  branch  of 
science  in  a  nation  have,  of  course, 
quite    a    different    meaning    and 

'  The  term  is  still  in  uae  for 
courses  of  lectures  giving  a  gen- 
eral and  comprehensive  view  of 
special  sciences :  thus,  "  Bncyclopit- 
die  dee  Hechts,  der  Hedicin,  der 
Philologie,  der  Philosophie,  der 
Theologie." 
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Schleiermacher,  university  teaching  and  learning  entered 
on  a  new  era,  in  which  the  ides  prevailed  that  com- 
pleteness, universality,  and  unity  of  knowledge  could  be 
secured  by  one  and  the  same  arrangement  of  study .^  It 
was  the  f^  when  philosophy  for  the  last  time  had  got  a 
firm  hold  of  all  departments  of  knowledge,  and  permeated 
all  scientific  pursuits ;  *  when,  favoured  by  political  events. 


'  On  this  subject  tbo  literature 
connected  with  the  fonndatiaa  of 
the  UuiTernt;  of  Beriin  in  the  jear 
1S09  it  of  special  iutereet.  It  was 
eeaentislly  tbe  creation  of  Wilhelm 
TOD  Hunlboldt,  though  prepared  t-y 
Wolf  and  Beyme  id  1807.  See 
Seeley,  '  Life  of  Stein,'  vol,  li.  p. 
430  11/7.  ;  Haym,  '  Lebeu  W.  v, 
Humboldls,'  p.  270  tgg.  Thefouo- 
datioD  of  this  uniTersit;  in  the  jetr 
o(  Fnusia's  greatest  misery,  when 
the  first  gleams  of  liberty  in  the 
rising  of  SpaiD  and  the  auccses  of 
Aspflm  had  been  extinguished  by 
the  defeat  of  Wagram,  the  voting 
of  £22,600  per  annum  for  the  pur- 
poses of  the  Dew  University  and 
the  Academy  of  Science  and  Arte, 
when  t,  crushing  war-twt  bung  over 
the  country,  when  land  waa  depre- 
ciated, the  neceasarles  of  life  at 
famine  prices,  the  currency  of  the 
country  at  a  large  discount,  when 
every  one,  from  the  king  to  the 
lowest  subject,  was  forced  into  sac- 
rifices and  economies  of  ever;  kind, 
was  SD  act  as  heroic  as  the  great 
deeds  on  the  battle-field,  and  as  far- 
seeing  as  the  measures  of  Stein  and 
Scharnhorat.  loleresting  from  our 
point  of  view  are  the  ideas  of  Fichl« 
on  university  teachiDg  aod  academic 
leaTTiiug,  bid  down  iu  his  '  Dedu- 
drter  Plan  ciner  ku  Berlin  zu  errich- 
tenden  hiihereo  Lehranstalt,'  writ- 
ten at  the  request  of  the  minister 
Beyme  in  1807.  In  it  a  gr«at  deal 
is  ssid  about  enoycloptedio  treat- 
ment.   The  question  of  the  position 


of  philosophy  in  the  encyclopKdic 
or  academic  treatment  of  knowledge 
was  easily  solved  in  the  Kantian 

school,  to  which  most  of  the  above- 
mentioned  writers  belonged.  Later 
»D  in  tlie  Bclioul  of  Scbelliug  it ' 


Bcult.     It  1 


■  fre- 


quently discussed  by  Sehelling  Ii 
self,  who  was  one  of  those  that 
initiated  the  new  era  ID  the  Academy 
of  MuDich,  wliich  was  remodelled 
in  the  year  1807.  See,  inter  alia, 
Schelling's  essay, "  Suggestioas  con- 
cerning the  Occupation  of  the  Philo- 
logico-Philoeopbical  Class"  of  the 
Academy,  and  especially  the  follow- 
ing remarkable  passageCWerke,' vol. 
viii.p.4fl4):  "  It,  indeed,  Philosophy 
were  denied  living  contact  with  real 
things,  if  she  were  obliged  to  soar 
in  transcendent  regions  without  end 
and  meaaure,  and  to  rise  a  hungry 
guest  from  the  well-appointed  table 
of  Nature  and  Art,  of  History  and 
Life  ;  then  it  would  be  incompre- 
hensible how  she  could  still  find  so 
much  Bupport  as  to  be  received  in 
an  academy,  aud  it  would  be  much 
better  if  we  also  followed  the  path 
of  other  nations,  wlio  have  lately 
said  good-bye  to  all  philosophy,  and 
have  thrown  themselves,  witii  the 
most  glowing  ardour,  upon  the  ex- 
ploration of  Nature  and  Reality  in 
every  du'ecUon." 

^  The  principal  representatives  of 
the  encyclopeedic  teaching  at  the 
German  universities  were  Elscben- 
burg,  Krug,  and  Oruber.  The 
latter,  in  bis  introduction  to  the 
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ideal  aims,  a  generous  epirit  of  self-sacrifice,  end  a  feeling 
of  one  common  duty  pervaded  the  German  nation,  and 
foremoBt  in  it  the  teachers  and  students  of  the  German 
oniverBities.'     This  spirit,  as  it  produced  co-operation 
and  unity  of  action,  also  favoured  unity  of  thoi^ht,  and 
contributed  much  to  the  popularity  of  several  pbiloaoph-       u. 
ical  aystems  which  promised  more  than  they  could  give,  p^?;?^''' 
Encyclopiedio  surveys  were  then  Bupposed  to  be  more  *^iSd' 
than   the  empty  shell,  the  mere  skeleton  of   learning ''^"'°'"" 
which  they  have  since  proved  to  be ;  they  were  looked 
upon  as  being  able  to  grasp  and  convey  the  living  spirit 
of  knowledge.     This  phase  of    thought,  which  in  the 
sequel   will    largely   command    our    attention,   has    dis- 


wcond  volume  o!  Bnch  and  Oni  bar's 
'  Elacjdopadie,'  gtTes  a  defiaition 
and  history  of  eucj^clopcedic  ttud;, 
which,  aocordiog  to  him,  was  intro- 
duced into  tha  modem  (QemiaD) 
uniTeniUei  together  with  the  phllu- 
euphical  fncultf.  In  the  beginiiiDg 
thu  wu  luheerrient  to  the  three 
higher  facultieB  (theology,  law,  ind 
mediciiie),  but  gradually  took  the 
lewL  He  argues  that  only  aince 
univeraity  (tudiee  have  become  en- 
ejclopmdtc  can  they  be  coniidertd 
a*  furthering  true  humanity.  He 
nfen  to  the  gre»t  criiii  through 
which  in  the  beginning  of  the  cen- 
tury literature,  science,  and  arts 
were  pamng  (p.  lij,  and  mentions 
the  coDflicting  principle*  in  the 
treatment  of  mathematics,  physics, 
bistory,  philosophy,  and  philology. 
See  also   the  'Vorbericht,'  vol   i. 

'  Among  the  maas  of  literature 
dealing  with  this  subject,  the 
'Memoirs  of  Frederick  Perthee,' 
by  his  SOD  (Rnglisb  traosiation, 
ToL  L  chap.  zi.  a;;.),  and  Steffens'a 
'  AatoUugraphy '  ('  Was  ich  erlebt«,' 


Breslau,  1810-44,  10  Tola.),  give  the 
moat  vivid  and  eihaustivt)  accounts. 
Neither  Stein,  the  great  atateeman, 
nor  Qoethe,  the  great  poet  and 
thinker  of  the  age,  took  part  in  this 
alliance  of  the  patriotic  and  intellec- 
tual interests  of  the  Oermau  natioo. 
Stein's  attitude  to  the  idealism  of 
the  age  is  defined  by  Seeley,  'Life 
ot  Stein '  (vol.  i.  p.  SO,  "  It  is  desir- 
able to  mark  that  between  him 
and  the  literature  and  philosophy 
of  his  time  and  country  there  was 
no  connec^on  at  all "),  and  is  ex- 
preeaed  in  a  remarkable  conversa- 
tion which  be  had  with  SteSena, 
March  ISIS,  at  Bresku  (quoted  by 
Seeley,  toL  iii.  p.  119  ;  StefTeiia,  vol. 
vii.  p.  120 11)1}. )  Qoetbe'a  position  is 
defined  by  his  reply  to  the  invitation 
to  contribute  to  the  '  Deutsches 
Museum,'  a  periodical  planned  by 
the  bookseller  Perthes.  It  was  to 
be  a  scientific  allianoe  of  all  the  in- 
tellect of  Qermany,  and  was  in  time 
"  to  be  transformeil  into  a  polit- 
ical one  poiaeaaing  the  strength  and 
union  necessary  for  vigorous  action  " 
(Perthes'  Memoirs,  toI.  L  p.  167). 
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appeared;  the  Becond  half  of  our  century  does  not 
expect  to  find  the  essence  of  knowledge  condensed  in 
any  philoBopMcal  formula,  any  more  than  it  expects  to 
find  the  real  unity  and  int«grity  of  thought  preserved  in 
the  frf^mentary  articles  of  an  alphabetical  dictionary. 
The  purpose  of  the  latter  is  purely  practical;  it  is  a 
popular  and  handy  instrument  for  the  diffusion  of 
knowledge,  whilst  philosophical  divisions  are  merely 
formal,  and  at  best  are  applicable  only  to  a  narrow 
and  limited  sphere  of  research.' 

The  ^e  of  encyclopfedic  representation  of  learning 
and  the  short  period  of  philosophical  formalism  seem 
both  to  belong  to  the  past;  but  the  desire  of  bringing 
together  what  is  scattered,  of  focussing  knowledge  and 
learning,  and  of  realising  the  organic  continuity  and  unity 
of  thought  and  progress,  is  as  great  as,  perhaps  greater 
than  ever.  Keilher  the  shapelessness  of  a  huge  dictionary 
nor  the  barrenness  of  a  concise  formula  will  satisfy  the 


'  It  ia  interesUng  to  obaerve  the 
deTclopment  and  spread  of  eacfdo. 
piedic  learoiqg  in  the  three  coun- 
trieg.  EncycioptBdias  in  the  moderD 
■enee  hare  their  origia,  like  so  m 
other  modeni  iaetitutiotifl  imd  idefta^ 
in  EogUnd.  The;  were  there  aora- 
piled  m&inly  for  practical  purpoees. 
France  ioot  up  the  Hchema  in  a 
philoaophic&l  spirit,  and  c&rried  it 
ai  for  M  it  IB  capable  of  being 
carried  under  thb  aspect.  At- 
tempts to  improve  and  amplify 
the  plan  preTedimpracticable;  e~' 
wbeo  lubjected  to  the  vast  e 
ditioD  of  Oermanf ,  it  became  i 
dent  that  unity,  depth,  and  breculth 
of  Tiev  could  not  b«  maintained. 
In  couroe  of  this  century  the  coun- 
try irhich  produced  the  clauriceJ  era 


of  encyclapfedism  hM  done  least  for 
encyolopwdic  learning.  This  has 
now  its  home  in  Oermany,  where 
eocyolopBjdic  labours  have  been 
specialised,  and  where  every  science 
is  represented  by  aoote  compilation 
or  annual  register  aiming  at  coUect- 
ing  and  systematjcally  arrsaging  the 
scattered  contributions  of  Um  whole 
world.  But  it  would  be  ungrateful 
not  to  mention  the  Royal  Society's 
catalogue  of  scientific  papers,  and 
the  servioea  which  America  has  ren- 
dered in  Bummariiiag  the  literaiT 
productions  of  the  English-apeaking 
nations  in  such  works  aa  Poole'a 
'Index  to  Periodical  Litenture.' 
Without  the  aid  of  anch  laborious 
compilationB  the  preeent  work  could 
not  have  been  undertaken. 
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deeper  conviction  that  all  mental  work  is  living,  indi- 
vidual, and  of  endless  variety.  To  stimulate  individual 
thought,  to  bring  about  life  and  change,  is  nowadays  felt 
to  be  quite  as  necessary  as  to  insist  on  method,  system, 
and  order.  Prompted  by  this  conviction,  the  last  fifty 
years  have  done  much  to  facilitate  intellectual  inter- 
change, and  to  record  the  historical  development  of  all 
branches  of  science. 

This  object  has  been  promoted  in  three  different  ways. 
The  French,  who  in  the  beginning  of  the  period  were  the 
masters  in  science,  led  the  way  by  founding  a  series  of  » 
periodicals  devoted  to  the  development  of  separate  sciences.  J 
Germany  followed,  and  still  later  England,'     A  living  " 


'  "nw  oldMt  MieiiUfia  penodical 
ii  the  '  Jannutl  de*  Skvuita,'  wbich 
«M  itarted  in  1065  io  Puu;  next 
to  it  comet  probably  Boder'a  *  Ob- 
•ar*kUoiw  lur  U  Phjiique'  (1771), 
eontinned  under  the  title  '  Journal 
da  Phynque '  (177S,  continued  with 
interraptions  from  17S4  ■  65  til] 
1823).  In  oppontion  to  this 
jounwl,  which  defended  the  older 
phlcgiatic  tbeoriea  in  cbemittry, 
the  '  Annalee  de  Chimie '  were 
■tvtnd  in  178B  b;  Berthollet, 
Onyhin  de  Mormu,  Mid  Fourcray, 
M  an  orgtn  ol  Levoiiier'a  ideas. 
In  1788  tbe  Soci^U  Pbilomatique 
Mvted  it*  '  Bulletin,'  and  in  1796 
the  '  Journal  de  I'Ecole  Poly- 
teefanique'  >tart«d  ita  influeatud 
career.  So  luch  periodical!  exiated 
for  ipecial  edenoea  at  tiiat  time  in 
tay  other  country,  if  we  perhapa 
•icept  tiie  "TranMotioDi  of  the 
Boyal  linnnan  Society,'  which 
•tart«d  m  1791.  '  Nicholiion'a 
Jonmat '  started  id  1797  :  the 
'  London,  Edinburgh,  and  Dublin 
Pfailoaopbical  Magarine  aud  Jonmal 
of  Sdenoea'  had  its  origin  in  Til- 
loch's  '  PhilMophical  Hagaiine ' ;  but 


the  firat  journal  devot«d  apecially 
to  mathematical  sciences  in  England 
was  probably  the  '  Cambridge  Ha- 
thematioal  Joumali'startedin  1839. 
Id  the  nwantime  the  number  of 
scientific  journals  in  FraDoe  had 
growD  enormously.  In  OermaDy  we 
have  Crell'i  'ChemiKbe  ADoaleo ' 
(1773),  Qehlen's  'AllgemeiDca  Jour- 
nal filr  Chemie'  (1803),  Qren's 
'Journal  der  Phjsik'  (1780),  Gil- 
bert's'Annalea  derPhysik' (1790), 
Zach's  '  Hooatliche  CorrespondeDE ' 
(1800),  CreUe's  '  Journal  fiir  die 
reine  und  angewandte  Hathematik' 
(1820),  aod  many  othen,  all  peri- 
odicals of  the  first  imoortaJice.  The 
'  TranaactioDB  of  tbe  Royal  Society,' 
which  of  course  cootaia  many  of 
the  valuable  scientific  contributions 
of  tbia  oountry,  can  nevertiielesa 
hardly  be  loolced  upon  as  a  reposi- 
tor;  of  the  work  of  Enf;lish  mathe- 
maticians and  physicista  of  the 
period  in  question, —not  even  as 
much  as  the  Memoirs  of  the  Paris 
Academy  in  Fnnce.  In  Qreat 
Britain  a  new  centre  of  sdentific 
and  literary  work  existed  during 
the  Utter  part  of  the  last  century 


b,Goo(^lc 


42 


INTEtODOCTION. 


intercourse  between  men  of  science  was  greatly  promoted 
by  the  British  Association  for  the  Advancement  of  Science, 
which  held  its  first  meeting  at  York  in  1831.  Associa- 
tions and  meetings  of  this  kind  had  their  origin  ten  years 
earlier  in  Germany  through  Oken ; '  but  the  line  in  which 
Germany  has  done  moat  is  the  establishing  of  and  con- 
tinuing annual  Eeports  *  of  the  progreBs  of  the  different 


.t  ]nt, 


like- 


wue  in  Dublin  ('  TranuctioiiB  of  the 
BoTsl  Society  of  Dublin,'  atarted 
17B9),  and  Manchester  ('Memoin 
of  the  HuicheBter  PhiloBopbical 
Societ}-,'  atorted  in  1768).  Manj 
of  tbe  RrBt  scientific  writers  of  the 
age  publiehed  in  the>e  proviacial 
papers  or  in  separate  pamphlets — 
the  want  of  a  cotDmoD  collecting 
oentre  being  very  obvioua. 

'  Aleiander  v.  Humboldt  sup- 
ported them,  and  waa  instrumentjkl 
in  giving  to  tbe  Aasembl;  at  Berlin 
in  1828-whicb  he  oaUed  "The  in- 
vasion of  pbilosaphers  " — a  epecial 
importance.  It  wss,  as  he  says, 
"a  noble  mauifeatatioii  of  scientific 
union  in  Oeruian;  ;  it  presents  Che 
spectacle  of  a  Dstion  divided  in 
politics  and  religion,  revealing  its 
nationality  in  the  realm  of  intellec- 
tual progreae." — Bnihns,  'Life  of 
A.  V.  Humboldt.'  vol.  ii.  p.  ISO. 
The  British  Aen>ciation  for  the  Ad- 
vancement of  Science  was  (as  Prof. 
Owen  informs  ua)  at  the  outaet 
avovedly  organlied  after  the  Oken- 
ian  modeL  — 'Encyclopedia  Britan- 
nica,'  art.  "  Oken." 

'  The  first  reporta  aiming  at 
giving  a  statement  of  the  position 
of  Science  were  those  drawn  up  by 
Delambre  and  Cuvier  at  tbe  request 
of  the  Emperor  Napoleon  I.,  and 
presented  in  the  year  1808  under 
tbe  title  '  Discours  sur  les  Progr^ 
des  ScienoBa,  Lettres,  et  Art<  depuia 


1789  jusqufice  jour' (1808).  They 
were  imitated  on  a  larger  scale  by 
the  Emperor  Napoleon  III.,  on  tbe 
occssion  of  the  great  Paris  Exhibi- 
tion 1367,  and  have  been  continued 
under  the  Republic.  Of  the  report 
of  1808  Cuvier  says,  "  Ce  Ubleau 
hiatorique  noue  servira  d^rmais 
de  point  de  depart  et  noa  rapports 
annuels  en  aeront  autant  de  con- 
tinuations," He  alan  adds  signifi- 
cantly, "  Dans  les  relations  actives 
oil  nous  nous  trouvons  avec  la 
plupart  de  ceui  qui  cultivent  lea 
sciences,  il  est  bien  difficile  qu'ila  sa 
fossent  en  Europe  quelques  dicou- 
vertes  importantas  aana  que  le 
bruit  en  retentisse  promptement 
dans  cette  enceinte,  et  nous  excite 
It  des  travaux  qui  s'y  rapportent 
plus  ou  moina  directement- 

By  for  tbe  most  important  work 
of  reporlJQg  and  summarising  the 
results  of  scientific  labour  baa  been 
done  by  Germany.  The  first  publi- 
cation of  this  kind,  however,  origin- 
ated with  BeneliuB,  who  from  the 
year  1821  reported  regularly  to  the 
Academy  of  Stockholm  on  tbe  pro-  ' 
greaa  of  the  physical  sciences.  Of 
Berxelius'a  periodical  Kopp  saya 
('Geschichto  der  Chemie,'  vol.  i.  p. 
403),  that  it  "summarises  with  the 
greatest  completeness  alt  that  bad 
been  done  in  chemistry  since  1820." 
This  work,  nliich  regularly  ap- 
peared in  Qerman  translation,  was 
continued  in  Liebig's '  Jahreabericht 
der  Cbemie'  (1847).  In  Berlin  tbe 
'  Phyaikaliache    Oesellschaf t '     haa 
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which  all  scientific  researches  are — without 
regard  to  nationality — reviewed,  classified,  and  arranged  in 
the  most  complete  manner,  according  to  the  place  which 
they  occupy  in  the  general  development.  Invaluable  ser- 
vice has  also  been  done  in  England  by  special  Reports  or 
Addreeses,  prepared  by  men  of  the  greatest  eminence — fre- 
quently at  the  request  of  the  British  Association — in  which 
the  position  of  special  branches  of  science  is  explained,  the 
work  of  the  past  summed  up,  the  leading  principles  clearly 
brought  out,  and  the  unsolved  problems  placed  promi- 
nently before  the  minds  of  young  and  aspiring  workers. 

In  Germany  during  the  first  half  of  the  century  a 
reaction  set  in  gainst  the  metaphysical  treatment  of 
scientific  subjects,  which  had  been  exaggerated  in  the 
schools  of  Schelling  and  Hegel.  £xperimental  research, 
following  mainly  the  great  French  and  English  models, 
was  next  favoured,  and  through  the  establishment  of 
laboratories  and  observatories,  through  voyages  of  dis- 
covery and  the  application  of  science  to  the  industries, 
an  enormous  amount  of  detailed  and  minute  knowledge 
was  accumulated.'     For  a  time — even  within  the  limits 


In  G«nnftny 
tiphjrilo- 


coDtJDued  to  i«»uo  r^ularlj  Bince 
1815  anDuitl  Repurtt  uoder  the  title 
'  FortKhritte  dar  Pbjaik.'  But  it 
WM  only  in  18SS  that  a  BimUar 
umual  wu  atarted  in  Berlin  liaving 
reference  to  mathemalica,  under 
tba  title  '  Forucliritte  der  Matbe- 
matik.'  A  '  Jahrecbericht '  on 
Zoology  hu  appeared  erer  uoce 
1879,  and  one  on  Botany  lince  1673. 
'  It  waa  the  age  which  oompited 
Iha  great  repoaitoriea  of  chemical 
knoirledge.  Such  were  Ginelui'i 
'Handbuoh  der  Chemie'  (lit  ed., 
1817.     TranaUted  iak>  Engliah  by 


the  CsTendiah  Society,  181S),  and 
the  '  Handwbrterbuch  der  reinen 
und  angawandten  Chetaie'  (edited 
by  Liebig  jointly  witb  Poggendorf 
and  Wiihler,  ieS7).  The  same  age 
also  aet  going  and  filled  the  rolumea 
uf  Liebig'a  '  Annalen '  (itarted  by 
Hdale  in  1823  under  the  tjtie 
'Magazin  der  Pharmaoie,'  it  finally 
aaaumed  the  title  of  'Annalen  der 
Chemie  und  Pliarnuci«'  under  Lie- 
big'a  editorahip),  of  PoggendorTa 
'  Annalen  der  Pbyaik  uad  Chemie' 
(1824),  and  the  'Anoalea  de  Chimie 
«t  de  Physique.' 
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of  exact  reasoning — attempte  to  condense  and  unify 
knowledge  were  discredited.  The  result — especially  in 
Germany — was  that  in  many  sciencea  information  be- 
came buried  in  periodicals  and  in  the  memoirs  of  learned 
BocietieB:  text-books  were  chiefly  written  by  men  of 
secondary  importance,  translated  from  the  French  and 
English,  and  frequently  on  somewhat  antiquated  lines.^ 
The  new  spirit  which  began  to  leaven  scientific  research  in 
the  middle  of  the  century  was  confined  to  a  few  master 
minds,  who — frequently  almost  unknown — marched  in 
advance  of  their  age.  In  the  course  of  the  last  thirty 
years  this  has  been  entirely  changed.  The  means  of 
intercourse  and  commimication,  referred  to  above,  make 
scientific  isolation  almost  impossible ;  the  necessity  has 
n.  been  felt  of  remodelling  the  whole  of  the  popular  school 
•cbooiuun-  literature  on  more  modem  lines :  some  of  the  first  in- 


'  Tli«  greater  ptrt  of  the  higher 
Oemum  school  literature  in  mathe' 
matica  and  phyiioB  wu  aupplied  by   I 
the  French  or  modelled  od  French 
ideaa — Le^ndre  uid  Monge  in  ele-   j 
mentary  uid  descriptive  geometry,   | 
Lacroii   in   the    higher    branches.   . 
Francoiur'B  course  of  mrtbematics 
WHS  introduced  in  England  as  well 
u    Germany ;    Poisson,   aod   later 
Lagrange    and    Duhamel,    became 
the  models  in  mechanicH,  Biot  and 
Puuillet  in   experimental   pbyeics, 
BegnauU  in  cbemiatry.     The  onlj 
groat    popular    authorities    wbii^ 
did    not   belong    to    France  were 
Benelius   and    Qntham   in   chem. 
istry,   and  Euler  in  mathematics. 
As  late  as  1860  hardly  any  text-   ' 
book  existed  in   Germany  on   the 
theoretical  and  mathematical  pgr- 
tions    of     physics.       The    second 
volume     of     'Baumgartner'     was 
a   miserable    compilation.      Beer's 
'Bobere  Optik'  was  the  fint  im- 


portant work  of  this  kind.  Ger- 
many hod  indeed  not  been  venting 
in  original  research,  but  the  new 
ideas  of  Mtibius,  Steiner,  Stsudt, 
Pliicker,  and  Grossmaun  in  geom- 
etry found  no  adherents  till,  mainly 
through  the  translation  of  Sal- 
mon's leit-books  by  Fiedler,  a  new 
spirit  came  over  geometrical  teach- 
ing. In  the  meantime  Lejeune 
DiHchlet,  and  Neumann  the  elder, 
cultivated  in  their  academical  lec- 
tures the  higher  branches  of  matbe- 
matical  physics,  and  educated  a 
whole  generation  of  mathematicians 
and  physicists.  Through  them  the 
originu  researches  of  Gauss  and 
Jacobt  became  better  known,  and 
an  independent  school  of  O^maa 
mathematical  thought  woa  eetab. 
lished.  In  England  the  influence 
□f  French  science  was  much  more 
limited,   and  to   the   present   day 
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tellects  in  science  have  condescended  to  write  text-books 
of  their  snbjects,  by  which  a  great  reform  has  been  brought 
about  in  the  higher  scientific  literature.^  At  the  same  time 
— after  fifty  years  of  experimental  research  and  accumula- 
tion of  material — it  has  become  necessary  to  review  the 
fundamental  principles  on  which  scientific  reaaoninc  rests :       m. 

,.,,.,  ......     Stfentinc 

a  more  philosophical,  not  to  say  metaphysical,  spint  is  ™*°"'PR 
manifesting  itself  within  the  limits  of  science.*  In  the  •^^'•'•^ 
abstract,  and  especially  the  mathematical,  sciences,  real 
prepress  depends  now  mainly  upon  the  discovery  of 
methods  of  simphfication,  on  conciseness  and  elegance 
of  treatment,  and  on  the  discovery  of  unifying  principles 
and  generalising  aspects.^ 


'  This  rem&rk  refers  mtinl;  to 
EngUtid  kad  OermsDV.  la  Fr&nce, 
u  s  result  of  giving  lectures  at  the 
Ecole  Polftechnique,  the  Bureau 
dea  LougiCudes,  the  Faculty  des 
Sciencet,  kc,  the  great  mathema- 
ticians  and  phyiicuU  of  the  cen- 
tuiy  have  frequently  worked  up  their 
raaeerchee  in  connected  treatieea. 
For  such  we  are  iodebted  to  Iiam4, 
Cauchy,  Poncelet,  and  many  others. 
Bat  the  two  works  which  in  Eng- 
lajKl  and  Oemuiny  created  probably 
the  greatest  reform  in  the  teaching 
(4  the  principlea  of  natural  phil- 
oaophy  were  Tbonuon  and  Tait's 
'Katural  Philoeophy'  (first  sketch, 
1SS8,  l>t«d.,  18fl7)  and  Einihhofi's 
'VorlesuDgen  Uber  Mecfaanik'  (Leip- 
zig, 1877). 


thoM  of  Riemann,  and  the  many 
hints  thrown  out  in  Qauss's  pub- 
liBhed.papen,  and  in  his  correspaad- 
encewilb  Scbumacher.  Helmholtz 
fau — of  all  purely  scieutitic  writers 
— p^d  moat  attention  to  the  meta- 
pbysical  foundations  of   geometry 


and  dynamiM,  and  has  critically 
examined  the  earlier  theories  of 
Kant,  published  a  century  ago.  It 
is  interesting  in  this  respect  to  note 
what  Kant  ih  reported  to  have  ™id 
to  Stagemann  in  1797:  "I  have 
come  with  my  writing*  a  century 
too  soon  ;  after  a  hundred  years 
people  will  begin  to  understand  me 
rightly,  and  will  then  study  my 
books  anew  and  appreciate  them. 
(See  ■  TagebUcher,'  von  Vamhagen 
von  EnBe,  Leipiig,  1861,  vol.  i.  p. 
4e.)  Kaxt  to  Helmholti  we  are 
moBl  indebted  to  Emil  du  Bois- 
Reymond  and  his  brother  Paul. 
See  Emil'B  'Reden'  (Leipiig,  1886- 
87,  2  vols.),  and  the  posthumous 
work  of  bia  brother  ;  '  Ueber  die 
Qruodlogen  der  Erkenntniss  in  den 
exacten  Wissenschaften '  (Tiibingen. 
18B0). 

*  An  authority  on  this  subject 
says:  "Generality  of  aspects  and 
methods;  precision  and  elegance 
of  expoeitioo,  have,  sinoe  the  time 
of  Lagrange,  become  the  common 

Eroperty  o(  those  who  citum  to 
B  scientiAo  mathematicians.     This 
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Ukoughl. 


All  these  are  merely  external  signs  of  the  new  life,  in- 
dications of  progress  and  change :  the  inner  reason  and 
result,  the  altered  ways  of  thinking  which  underlie  or  are 
produced  by  these  external  changes,  will  be  the  object 
of  closer  study  hereafter ;  they  constitute  the  real  sub- 
stance of  this  work.  What  I  draw  attention  to  here, 
by  way  of  introduction,  are  merely  fingers  on  the  dial- 
plate  of  a  complicated  clock-work :  their  motion  and  posi- 
tion are  patent  to  every  one.  Later  on  I  shall  invite  the 
reader  to  remove  the  outer  case,  and  try  with  me  to  imder- 
stand  the  delicate  working  parts  and  the  principle  of  the 
mechanism,  the  prime  mover  and  the  mode  of  transmission 
of  motion  within.  The  general  curiosity  that  exists  to  fol- 
low the  internal  and  hidden  workings  of  thought  is  mani- 
fested especially  in  that  country  which  in  modem  history 
has  frequently  taken  the  lead  in  philosophical  reasoning. 
It  is  manifested  by  the  hi^  and  increasing  historical 
literature  of  Germany,  which  is  devoted  to  tracing  out 
the  growth  and  development  of  modem  science  and 
thought.  In  that  country  history  seems  for  the  moment 
to  have  taken  the  place  of  metaphysical  speculation. 
A  similar  transition  from  the  logical  to  the  historical  view 
can  be  traced  in  English  literature  in  the  last  century,  the 


genenlit;  is  aometimeB  exaggerated 
at  the  expeuM  of  liinpIiciC)-  ajid 
usefulueu,  and  then  l^ds  to  ab- 
Btruaetiees  and  to  the  eauDciation 
of  theorems  which  have  no  special 
applicatioD  ;  precision  ma;  degen- 
erate into  an  aObcted  brevity  n-hich 
renders  a  dissertation  more  difficult 
to  read  than  to  write ;  elegance  of 
Form  has  in  our  days  almost  bc' 
-oome  the  test  of  the  value  of  a 
theorem.     Vet  in  spite  of  all  dranr- 


backs  these  conditions  of  efBcient 
progress  are  of  the  greatest  import- 
ance, inasmuch  as  they  keep  the 
scientific  matter  within  those  limits 
which  are  intrinsicall}'  neceasarf  if 
mathematical  research  is  Dot  to  lose 
itself  in  minutiic  or  be  drowned  in 
over  -  abundance."  —  Hankel,  '  Die 
Entwickelung  der  Mathemstik  in 
den  letEteu  Jahrhunderten '  (TUb- 
'ingen,  1889). 
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typical  representative  of  that  change  being  David  Hume, 
who,  starting  with  the  metaphysical  problems  involved  in 
Locke's  and  Berkeley's  writings,  was  from  them  led  on  to 
the  study  of  moral,  political,  and  economic  questions,  and 
ended  by  devoting  himself  to  the  study  of  history.'  At 
the  end  of  his  career  political  and  historical  writings 
were  as  frequent  in  English  literature  as  metaphysical 
and  theological  writings  had  been  at  the  banning.  The 
causes  which  have  efTected  the  same  transition  from  the  ^ 
metaphysical  to  the  historical  mode  of  treatment  in  Ger-  ^ 
many  during  the  present  century  are  similar  to  those  ^tli!^ar 
existing  in  England  in  the  last  century ;  but  the  whole 
movement  has  taken  place  on  a  larger  scale,  penetrates 
deeper  into  the  mental  life  and  work  of  the  nation,  and 
cannot  be  so  easily  studied  in  the  writings  of  any  great 
representative. 

Whilst  in  Germany  historical  studies  are  now  foremost, 


'  I  un  quite  aware  that  geoeral- 
iiationa  ot  ihU  kind  must  be  made 
Mid  lued  nitb  great  caution.  1 
therefore  refer  my  readers  to  Lea- 
lie  Stephen'*  '  Histor]'  of  English 
Thought  in  the  Eighteenth  Cen- 
turj,  eapecially  to  the  Introduo- 
tioD,  where  the  typical  position  of 
Hume  ia  fuUy  discuaaed,  and  also 
to  the  laat  chapter  of  the  ttcanA 
volume,  where  he  aayi  of  Rume 
<ToLii.p.S81,lated.j:"  Hume  was, 
iD  one  WDse,  far  in  advance  of  his 
time,  and  indeed  of  the  average 
oianion  of  the  present  time.  But 
the  change  may  in  many  respects 
he  described  as  a  revolt  from 
Hume's  o^nnions,  much  more  than 
a  development  of  them.  .  .  .  The 
history  of  philosophical  and  of  theo- 
logical opinion  in  England  ia  a  his- 
tory ot  gradual  decay  down  to  the 


revolutionary  era."  And  p.  441; 
"  The  laat  half  ot  the  century  waa 
pre-eminently  historical.  As  dvil- 
isation  progresses,  as  records  are 
better  preeerved,  and  a  greater 
permanence  in  social  organisation 
makes  men  more  disposed  to  look 
beyond  their  immediate  surround- 
ings, a  tendency  to  historical  in- 
quiry ia  naturally  awakened.  This 
cause  alone,  without  the  more 
philosophical  considerations  which 
might  lead  a  Hume  or  a  Gibbon 
to  turn  from  abstract  investigations 
to  historical  inquiries,  may  account 
for  the  growth  of  antiquarian  ism  in 
the  latter  years."  But  the  mare 
statistics  of  English  literature  in 
the  eighteenth  century  suffice  to 
prove  the  decline  of  argumanta- 
tive  and  the  growth  of  realiitic 
literature. 


b,Goo(^lc 


48 


INTEODDCTION. 


and  have  almost  dislodged  systematic  philosophy,  Ei^land 
has  for  the  Srst  time  in  her  history  produced  a  system  of 
1.       philosophy — that  of  Mr  Herbert  Spencer ;  and  this  with 
w  th«  the  distinct  understanding  that  the  object  of  philosophy 
""""is  the  unification  of  knowledge,'     It  is  a  remarkable  fact, 
'of     which  will  occupy  our  close  attention  hereafter,  that  the 
unifying  principle  in  this  system  is  historical, — a  process 
of  development  now  specially  known  under  the  term 
Evolution.      This  system  forme  in  a  certain  way  a  con- 
trast to  the  last  great  system  in  German  philosophy,  that 
of  Hermann  Lotze.     Whereas  in  all  systems  of  evolution 
the  unity  of  things  is  historical,  and  has  to  be  sought  in 
S;        their  common  origin,  Lotze  emphasised  the  truth  that 
«'*     unity  must  be  a  living  presence,  a  principle  which  ex- 
ists in  individual  things,  not  merely  a  link  which  con- 
nects them  by  proximity  in  time  or  space.      His  object 
is  to  answer  the  question.  How  can  the  human  mind 
represent  to  itself  such  a  living  unity,  in  what  ideas 


>  See  a.  H.  Lewee  ('  Probleou 
of  Life  uid  Hind,'  lit  ed.,  vol.  L 
p.  S4),  who  taye:  "The  nbecDce 
of  a  philoooph;  in  Enghuid  dur- 
ing the  but  two  hundred  yean 
hia  been  ■  BeriouB  defect  in  her 
culture.  Sdenoe  she  hM  had, 
and  poetry  and  literature,  livalling 
when  not  lurpasaing  thoM  of  other 
natioDi.  But  a  pbUoaaphy  she  hu 
not  had,  in  ppita  of  philuaophic 
thinker*  of  epoch -oukiDg  power. 
Uobbea,  Loclce,  Berkeley,  Hume, 
have  produced  esaaya,  not  eystems. 
There  baa  been  no  noteworthy  at- 
tempt to  give  a  conception  of  the 
world,  of  man,  and  of  aociety, 
wrought  out  with  aystematic  har- 
monising of  pritidplet.  There  haa 
not  been  an  effort  to  aystematiM 
the  Bcattered   labours  <^   isolated 


thinkers.  Ur  Herbert  Spencer  ia 
now  tor  the  Srat  time  detiberalely 
making  the  attempt  to  found  a 
philosophy."  And  in  bus  'Hiatoiy 
of  Philosophy  '  (Snl  ed.,  vol.  ii.  p. 
653)  the  same  author  says:  "Mr 
Spencer  alone  of  Britiih  thinkers 
has  organised  a  system  of  philoa- 
ophy."  Croom  Rnbertaon  would 
take  exception  to  this  in  favour 
of  Hobbes,  "  who  attempted  a  taak 
which  BO  other  adherent  of  the 
'mechanical  philosophy'  conceived 
— nothitig  less  than  such  a  univer- 
sal construction  of  human  know- 
ledge as  would  bring  Society  and 
Man  within  the  same  principle*  of 
scienUGc  eiplauatioo  as  were  found 
applicable  to  the  world  of  Nature" 
{Eacy.  BHt.,  9th  ed.,  vol.  xii.  p. 
36). 
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belongisg  to  human  thought  can  this  unity  be  grasped, 
by  what  vroids  of  human  speech  can  it  be  expressed  ? 

Both  Mr  Herbert  Spencer's '  System '  and  Lotze's  '  Micro- 
cosmus '  are  written  with  the  object  ot  eatablishing  the 
unity  of  thought,  of  preserving  the  conviction  that  things 
exist  and  that  evente  happen  in  some  intelhgible  connec* 
tion,  and  especially  that  the  religious  and  the  scientific 
views  of  the  world  and  Ufe  are  reconcilable.  But  whereas 
Mr  Spencer  is  content  to  point  to  the  underlying  unity  as 
the  Unknowable,  and  then  betakes  himself  to  the  study 
and  exposition  of  the  manner  in  which  events  follow  and 
tbii^  develop,  Lotze  considers  the  whole  of  this  part  of 
philosophy  as  merely  an  introduction  to  the  solution  of 
the  real  problem.  To  him  a  process  of  development  is 
merely  the  outer  form  in  which  some  real  substance  pre- 
sents itself,  a  mechanical  method  by  which  something  of 
higher  value  is  accomplished.  He  admits  the  all-pervad- 
ing rule  of  such  a  mechanism,  but  he  urges  the  necessity 
of  finding  the  substance  itself,  and  of  gaining  a  view  of 
the  end  and  aim  which  is  to  be  attained  by  this  array  of 
processes,  by  this  parade  of  mechanical  means,  of  the  in- 
terest that  attaches  to  them,  and  the  result  which  is  to  be 
secured.'  Knowing  the  mechanism  by  which  a  certain 
object  is  accomplished,  we  may  be  able  to  calculate  pheno- 
mena and  events,  but  to  understand  *  them  requires  a 

'  The  otrlieet  pMsoge  id  which  and  to  Herbitrt,  whose  follower  he 

Lotze  gine  o»  a  pretty  complete  refuses  to  be  called  {Urid.,  p.  6  *q.) 

idea  ot  bis  pbiloeophical  method*  It  ia  erideat  that  ftt  th«t  time  hia 

utd  kirns  it  to  be  found  in  his  pol'  system  wag  not  yet  deBnitely  set- 

emickl  pamphlet  SigMnBt  Fichte  the  tied  in  hii  mEtid  (p.  68). 
yoiiDgcr  (' Streitschrif ten, '  Leipzig,  '  The  difference  between  olcula- 

18G7,   p.  62  igg.)    He  there  idM>  ting  and  undentAnding  phenomena 

reviews  his  attitude  to  the  ideal-  is  probably  to  be  b-aced  to  Leiboic 

iatk  achool  of  Qerman  Pbiloaopb;  Lotie  emphwriiee    tbia   difference. 
VOL.  I.  D 
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further  knowledge  of  the  worth  of  the  object  which  is 
accomplished,  of  the  result  which  is  gained  by  the  calcu- 
lation. It  is  one  thi^  to  be  able  to  trace  the  mechanical 
conditione  upon  which  the  accuracy  of  a  clock  depends ; 
it  ia  another  to  mark  the  hour  which  the  clock  strikes, 
and  to  note  the  time  which  it  measures  out  to  us  for  our 
work.  Curiosity  will  lead  a  child  to  pry  into  the  former ; 
but  the  latter  depends  on  our  appreciation  of  the  objects 
of  life  and  the  seriousness  of  our  duties. 

When  Lotze  undertook  to  write  the  '  MicrocosmuB,'  he 
referred  to  two  great  works  of  a  kindred  tendency.  Both 
attempted,  yet  in  very  different  ways,  to  give  a  compre- 
hensive view  of  a  large  field  of  scattered  phenomena,  to 
take  in  at  a  glance  the  entire  scheme  of  a  great  world  of 
facta.  The  earlier  of  the  two  belonged  to  the  last  century 
and  was  concerned  with  history,  with  the  uniting  bond  of 
all  human  development  For  this  Herder,  in  his  '  Ideen 
zur  PhiloBophie  der  Gleschichte  der  Menschheit,'  had,  if  not 
invented,  yet  endowed  the  term  Humanity  with  a  specific 
pregnancy,  meaning  by  it  the  unity  of  all  human  interesta 
in  their  social  and  historical  development — an  idea  which 
since  Leibniz  has  governed  German  Uterature.'     The  other 


8m,  infer  alia,  the  cloaing  para- 
graph of  the  firat  voluue  ut'  the 
'SjiUm  der  PhJIosopbie '  (l«t  ed., 
Leipdg,  1874).  I  cannot  omit  to 
notice  here  the  extroordinu-y  and 
mideading  misprint  in  ErdmaoD'e 


phie'  (8rd  ed.,  Berlin,  1S78,  vol,  ii. 
p.  831),  where  instead  of  iereehnen, 
to  calculate,  we  read  baeiehntn,  t« 
deslgDa(«  1 

'  The  hiatoiT   of  this  idea  hoe 
been   written  by   Hettcer   in   the 


last  two  volumes  of  his  '  Litetatur- 
geschiclite  dea  ISteo  Jahrhuuderte.' 
I  quote  from  the  Snd  edition, 
Braunschweig,  1872.  Herder  had 
inherited  the  apirit  of  LeibciE  (see, 
inter  alia,  the  concluding  chapter 
of  m;  esaay  on  Leibniz,  in  Black- 
wood a  Philosophical  Cliuaica,  Edin- 
burgh, 1881).  Herder  formed  • 
kind  of  centre  of  thought,  inas- 
much u  he  gathered  up  in  his  own 
mind  and  writinga  the  influences  of 
Leibniz,  Rousseau,  and  the  Eng- 
lish writers  of  the  eighteenth  cen- 
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great  work  was  that  of  A.  v.  Humboldt,  who  in  the  coarse       «. 
of  a  long  career,  peculiarly  favoured  by  opportunities  for  iMtoau 
studying  Nature  on  an  extensive  scale,  and  for  appreciating  f^'^j, 
the  detail  of  modem  research, of  which  he  was  an  illustrious 
repreeentative,  had  never  lost  sight  of  the  all-pervading 
unity .^     In  an  elevated  style,  in  which  poetry  and  science 


tnry,  togstlier  with  ciMaical  influ- 
CDcoa  and  new  iutpiraCJoiu  draim 
from  the  popular  song-iit«rature  of 
all  natioDj.  Hettner  aay*  (*ee  last 
rolume  but  one,  p.  7) :  "  Herder 
applied  Rutuseau's  go«pe]  of  Nature 
to  the  demaiids  of  poetical  aense 
and  crestioD.  Thui  be  hai  become 
«HeiiUall7  the  foreraDDer  of  the 
new  achool  of  poet*  ;  the  last  fetten 
<A  the  morahatng  itjle  hj  which 
arcD  Lmiag  waa  (till  lutmpered 
fell,  and  through  tlie  scietitific  atud; 
<A  the  begioiiiiig*  and  develapmeiit 
of  humao  culture  he  became  the 
founder  of  a  uew  acience  of  Lan- 
guage, BeligioQ,  and  Hiatory,  in  the 
Bne*  of  which  we  are  itill  adranc- 
ing."  And  p.  101  :  "  Herder  doea 
not  belong  to  the  claaNca  ot  the 
atyle  of  Winckelmann,  Lemns, 
Eant,  Ooelhe,  and  SchiUer;  he  la 
everywhere  only  auggeatlve,  hardly 
ao^Mfheie  conelusJTe  and  flnaL  For 
thu  raaacoi  his  writings  are  to  some 
extent  antiquated.  Nevertlieleaa 
Herder  ia  one  of  our  moat  im- 
portant and  influential  spiritual 
heroea.  Hwder  made  so  deep  an 
impression  on  his  age  tJiat  the 
great  poetry  of  Qoethe  and  Schiller, 
the  ao-oalled  Romantic  School,  the 
philoaophiea  of  Schelling  and  Hegel, 
cannot  be  imagined  without  Herder 
as  the  precursor."  The  fourth 
Tolame  of  QerriDua,  '  Qeschichte 
der  deutacben  Dichtung,'  contain* 
likewise  a  Tery  important  chapter 
on  Herder.  But  the  great  authoritv 
on  Herder  is  R  Haym, '  Herder  nach 
aeinem  Leben  und  seinen  Werken ' 
(Berlin,   2  vols.,   1880  and   18SS). 


From  the  unpublished  literary 
notes,  correspoudeooBi,  and  diaries 
of  Harder,  which  Haym  inspected, 
it  is  evident  that  the  great  idea  of 
writing  a  History  of  Humanity 
originaWd  in  Herder's  mi&d  as  far 
back  as  the  year  173S,  on  a  voyage 
from  Riga  to  Nantes  (on  the  way 
to  Paris}.  His  diary  doses  thus: 
"  History  of  the  progress  and  of  the 
powers  of  the  human  mind  in  the 
concurrence  of  whole  agea  and 
nationa—a  spirit,  a  good  demon,  has 
exhorted  me  to  do  this.  Be  that 
my  life'a  work,  History,  work  1 " 

The  first  attempt  to  carry  out 
hia  great  idea  was  published  by 
Herder  in  the  year  1771,  with  the 
title  :  '  Auch  eine  Philoeopbie  der 
Qeachichte  Eur  Bildung  der  Henseh- 
beit.'  Herder  was  then  in  his 
thirtieth  year.  Hia  chief  work 
appeared  ten  yearn  later(t734),  with 
the  Utie  '  Ideen  eut  Qeechichte  der 
Henachbnt.'  Herder  died  in  1803. 
Qoethe's  'Fauat,'  which  is  an  at- 
tempt to  deal  with  the  highest 
problems  of  human  interest,  the 
problems  of  knowledge,  evil,  ain, 
and  redemption,  as  they  appear  in 
the  history  of  a  great  individual, 
not  of  the  race,  had  its  firat  b^iin- 
ninzs  about  the  same  time  as  Her- 
der^ 'History  of  Mankind.'  But 
the  work  was  not  finished  till  a  year 
before  Goethe's  death  in  1881. 

'  Alex.  V.  Humboldt,  '  Koamoa. 
Entwurf  einer  phyuscben  Welt- 
beachreibung,'  1845.  Like  Her* 
der's  great  work  on  the  '  Hiatory  of 
Humanity'  and  Ooethe'a  'Faust,' 
Humbddt's  'Kosmos'  oocufoed  a 
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are  happily  blended,  he  essayed  in  the  evening  ot  life  to 
nniolt  before  the  gaze  of  his  readers  a  picture  of  the 
grand  featorea  of  nature  as  his  mind  bad  viewed  them 
from  the  elevated  regions  of  scientific  study,  and  his  eyes 
from  the  heights  of  Ghimborazo. 

In  the  great  picture  of  the  world,  in  the  vast  changes 
of  the  universe,  where  is  man  with  his  life  and  his  in- 
terests ?  In  the  huge  Eosmoa  where  is  the  Microcosmus  ? 
This  question  naturally  presented  itself  to  the  mind  of 
Lotze.  "  It  is  not,"  he  tells  us,  "  the  all-embracing '  kos- 
mo8 '  of  the  univeiBe  which  we  wish  to  describe  again  on 
the  model  which  has  been  given  to  our  nation.  As  the 
features  of  that  great  world- portrait  sink  deeper  into 
general  consciousness,  so  much  more  vividly  will  they 
lead  us  back  to  our  own  selves,  suggesting  anew  the 
question.  What  s^nificance  belongs  to  man  and  human 
life  with  its  lasting  characteristics  and  Uie  changii^ 


long  period  in  tba  life  ot  ita  author. 
Goethe's  '  FeuibI  '  deab  with  the  in- 
dividual problem,  Herder's  '  lileen ' 
with  the  problem  of  the  race  or 
muikind,  Humboldt'i  '  Koemoa ' 
with  the  wme  problem  u  refeiring 
to  the  world,  theuniTerse.  Id  the 
preface  Humboldt  confeiBea  "  that 
the  image  of  hii  work  had  stood 
before  his  mind's  e;e  in  undefined 
outlinea  for  nearly  half  a  century  "  : 
^.  what  Qoethe  *>;■  in  the  dedica- 
Uon  to  'Faust'  (wntteo  probably 
«ft«r  17S7)  :— 

hovuring  (onus;   I 


«rlrto, 


—  TruuL  B.  Tsflor. 

The  view  of  th«  univette  which  was 
given  in  Humboldt's  '  Kosmos'  was 
prepared  by   his  own  publication, 


'  Die  Ansichten  der  Natur'  (ISOS) ; 
also  by  Oeorg  Forater  <1T54-1794X 
who  wrote  an  account  of  the  seoond 
voyage  of  Captain  Cook  round  the 
world,  whom  he  accompanied  with 
his  father.  "  He  conceived  of  na- 
ture as  a  living  whole  ;  hie  account 
i»  almost  the  firat  example  of  the 
glowing  yet  faithful  deaoiption  of 
natural  phenomena,  which  has  since 
made  the  knowledge  of  them  the 
common  property  of  the  educated 
world  "  (R.  C}amett  in  '  Enoy.  Brit.,' 
art.  "Fonter").  Humboldt  con- 
fesses to  have  received  from  him 
"die  lebhafteate  Anregung  lu  wei- 
ten  UntemehmuDgen  "  ('Koamos,' 
vol.  i.  p.  3(5,  also  vol.  ij,  p.  GG,  and 
especially  voL  ii.  p.  72,  where  io- 
cidentally  also  Darwin's  namtive 
of  the  "Adventure"aiid"Be«ele" 
ia  mentioned). 
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cooree  of  its  higtory  in  the  great  totality  of  nature  ? "  * 
And  in  coUectii^  the  answers  to  this  question  which 
suggest  themselves  both  in  and  outside  of  the  study, 
Lotze  professes  only  to  renew  the  enterprise  brilliantly 
b^un  by  Herder  in  his  'Ideen  zur  Geschichte  der 
Menschheit'  Both  Herder's  '  Ideen '  and  Humboldt's 
'  Kosmos '  belong  to  the  age  in  which  philoeophy  and 
poetiy  largely  inBuenced  science  and  history.  Many  may 
now  think  it  premature  or  altogether  impossible  to  try 
to  combine  the  detailed  studies  of  modem  science  and 
modem  history  with  the  comprehensive  view  demanded 
by  philosophers  and  poets,  or  to  grope  through  the  laby- 
rinth of  external  phenomena  and  events  to  their  under- 
lying significance  and  unity.  They  may,  whilst  fully 
maintaining  the  existence  of  an  all -pervading  power, 
nevertheless  rel^ate  it  with  Mr  Spencer  to  the  region 
of  the  Unknowabla'     Without  desiring  at  present  to 


>  UicrocoBinua,  l<t  ed.,  Lelpdg, 
185S,  Prefiwa.  HtmiNiii  Lotce  wu 
born  ID  1S17,  ud  died  in  ISSl. 
Rn  tint  philoaophiciLl  «tiMy  of  im- 
portanos  wu  the  '  HeUphjdk ' 
(Letpcig,  1841). 

*  Herbert  SpenMr'i  Philmophj 
of  the  "  Unknowable  "  it  laid  down 
in  bi>  InbwJuclJon  to  '  Fint  Prin- 
ciplet.'  I  believe  the  finst  ftppew- 
soM  of  the  fint  pkTt  of  this  book 
wu  in  ISSO,  and  the  fint  collected 
public&tion  in  the  year  IS67.  In 
defining  the  region  of  the  Enow- 
able  an  oppoaite  course  haa  been 
adopted  by  Emil  du  Boia-Bejmond, 
who  in  a  eeriee  of  addreoee  and 
article!,  now  collected  in  two  vol- 
umes with  the  title  'Reden'  (Ber- 
4in,  ISSa  and  1SS7},  tried  to  lead 
up  to  tbe  limit*  which  are  fixed 
aronnd  ecientiflc  knowledge^  The 
purport   of   hii   teaching   on    the 


higheet  "  World-problem  "  is  con- 
tained in  the  tour  wordi,  tpnoraauu, 

The  firat  of  theie  addrenee,  which 
are  full  of  brilliant  auggeations  and 

vivid  illuBtrations,  fumiahing  in  tbe 
not«a  eepedall;  an  invaluable  store 
of  historical  references  on  the  sub- 
ject of  the  philoeophy  of  the  sci- 
encea,  was  delivered  at  the  forty- 
fifth  meeting  of  the  Oerman  "Na- 
turforacher  und  Aertu,"  and  pub- 
lished at  Leipzig.  August  1872,  with 
Che  title  '  Die  Orenien  dee  NaCur- 
erkennens.'  It  made  a  great  lensa- 
tion,  and  was  tranalated  into  several 
languBgee.  U  was  followed  aome 
years  later  by  an  address  delivered 
in  the  BerHn  Academy,  1880,  and 
published  with  the  title  '  Die  sieben 
Weltrathael-'  If  B.  Spencer's  phil- 
osophy is  termed  the  philoeophy 
of  the  Unknowable,  Du  Boii-Itey- 
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criticise  the  weighty  consideratioDa  which  have  led  them 
to  a  view  bo  modest  and  resigned,  I  propose  in  the 
sequel  to  test  within  narrower  limits,  and  by  what 
seems  to  me  a  novel  method,  the  validity  of  the  con- 
viction that  a  true  understanding  of  phenomena  and 
events  can  be  attained  only  by  viewing  them  in  their 
interdependence  and  collective  effect.  If  anything  in 
the  wide  expanse  of  physical  and  mental  life  deserves 
to  be  considered  as  one  and  indivisible,  it  is  surely 
human  thought  in  its  various  branches  and ,  manifesta- 
tions. The  attempt  to  trace  its  origin  in  the  early  ages 
of  civilisation,  or  to  foreshadow  the  end  which  it  is 
slowly  approaching,  may  indeed  be  impossible;  but  of 
the  ^e  to  which  we  belong,  and  the  literature  of 
which  we  have  witnessed  the  growth,  we  may  claim  to 
possess  a  deeper  knowledge.  Astronomers  have  suc- 
ceeded in  gaining  a  view  of  immense  and  distant  orbits 
by  minutely  observing  and  tracing  merely  an  insignifi- 
cant portion '  which  came  within  their  view.  Com- 
parative anatomy  teaches  how  from  a  few  surviving 
links  to  construct  the  whole  framework  of  an  organism. 
I  propose  to  apply  a  similar  method  to  the  small  portion 


Boph;  of  the  Limits  of  the 

Able.     Both  views  form  a  contrast 

to  Lotie's  philosupbf . 

'  The  moat  brillisnt  example  of 
this  is  the  dieeovery  uf  the  planet 
Ceras  bjr  Piozzi  *t  FaJermo  in  the 
Nen  Teu-'B  night  of  1801 ;  the  in- 
vention of  special  methods  for  cal- 
eulnting  the  orbit  of  this  pldiiet, 
which  had  b«en  lost,  hj  Qauss  in  the 
courae  of  1801;  and  the  redisoorery 
of  it  by  Olbera,  aided  by  Qauta's 
ephemeris,  in  tlie  New  Year's  oight 


of  1802.    After  the  discovery  of  this 
first  of  tlie  small  plaaets,  but  before 
it  vas  known  in  Gennany,  Hegel 
published    bis    '  Dissertatio   philo. 
eophica  de  orbitis  planetarum,'  in 
which  he  ridiculed  the  search  for 
w  plaqets,  but  which  Duke  Em- 
:  of  Ootha  sent  to  the  aatrouo- 
«■  Zacb  with  the  Buperscription, 
tfoDumentum  insHniai  eeeculi  de- 
al   noni."      See    R.    Wolf,    Ge- 
scliichte  der  Aatronomie,  Hiinchen, 
1877,  p.  88*  iqq. 
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of  mental  pR^rees  of  which  I  have  been  able  to  take 
personal  notice  and  ol  which  I  h&ve  felt  the  immediate 
personal  influence.  A  tracing  as  concisely  as  possible 
of  this  comparatively  small  portion  of  the  course  of 
Etiropean  thought  may  be  the  first  approximation  to 
more  accurate  delineations,  which  themselveB  will  be 
the  means  of  gradually  gaining  a  truer  idea  of  the  pur- 
port and  significance  that  belong  to  the  larger  dimen- 
sions of  the  mental  life  of  mankind. 

This  life  does  not  consist  in  the  accumulated  knowledge 
of  our  century,  not  in  the  reaults  of  scientific  inquiry  de- 
posited in  libraries  and  museums,  not  in  the  many  schools 
for  learning  and  study,  not  in  educational  and  social  re- 
forms, least  of  all  in  political  and  economic  institutions. 
These  are  all  external  objects,  which  are  capable  of  being 
described  or  photc^aphed  Uke  the  external  objects  of 
nature.  The  mental  life  of  mankind  consists  in  the  inner  --^l": 
processes  of  reflection,  by  which  these  external  objects  have  Jr^S^! 
been  produced,  by  which  man  has  been  able  to  add  to  the  '""•'*•'' 
physical  creation  of  nature  a  new  creation  of  his  own,  by 
which  he  has  been  able  to  change  the  face  of  the  earth, 
and  endow  the  objects  of  natui-e  with  an  ideal  meaning. 
To  this  end  he  is  always  inventing  and  usii^  methods 
which  change,  su^esting  and  applying  principles  which 
turn  out  to  be  half  true  or  totally  fallacious,  guessing  at 
results  and  aims  which  have  to  be  abandoned,  inventing 
theories  which  are  short-hved — in  fact,  erecting  soafTold- 
ings  with  the  help  of  which  he  raises  the  structures  of 
Society,  Art,  and  Science :  these  remain  as  the  historical 
testimonies  of  his  activity ;  the  scaffoldings  are  removed  as 
of  merely  transient  and  temporary  value ;  and  yet  they 
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alone  constitute  the  mental  life  which  interests  us.    Ouly 

BO  far  as  we  have  taken  part  in  huilding  the  scaffolding, 

only  in  so  far  as  we  have  witnessed  the  many  contrivances 

which  have  been  uaed,  only  in  bo  far  as  we  have  Been  the 

growth  of  any  Btructure  from  small  begiunii^,  from  the 

first  sketch  of  the  architect,  can  we  Bay  that  we  know 

something  of  the  mental  life  which  lies  bidden  in  and 

behind  thoBe  external  signs  and  documents.     A  closer 

study  of  what  we  ourselveB  have  witnessed  is  thus  the 

only  way  of  attaining  some  insight  into  the  workings  of 

the  mind — the  spiritual  life  of  mankind.     We  shall  yr&b- 

ently  find  that  in  science  as  well  as  in  philosophy  every 

period  starts  from  certain  assumptions  and  proceeds  ac- 

Bi.        cording  to  certain  methods,  that  certain  habits  of  thought 

tiieiDwt      become  general,  and  certain  views  become  accepted;  but  in 

dl™^^     the  course  of  one  or  two  generations  we  find  those  assump- 

cMMtube.  jjQjjg  questioned,  those  methods  criticised,  a  new  habit  of 

thought  introduced,  and  those  general  views  which  seemed 

so  natural  and  convenient  giving  way  to  new  and  altered 

oneB.     The  whole  fabric  of  eooiety,  the  whole  structure  of 

science  and  knowledge,  all  the  applications  of  art,  have  to 

be  remodelled  on  new  principleB,  and  to  meet  our  changed 

3t.        demandB.     Few  indeed,  veiy  few,  of   the  old  creations 

dowMt"^  remain.     One  or  two  so-called  laws  of  science  that  sur- 

orthepMt;  vive,  a  few  dozen  books  that  are  re-edited,  half-a-dozen 

much.         works  of  art  and  one  or  two  great  poems, — this  is  about 

all  that  our  century  will  at  its  close  have  preserved  as  the 

living  inheritance  of  its  early  years :  all  the  others  will  be 

rel^ated  to  the  growing  bulk  of  historical  records.     Fos- 

Beseed  of  merely  monumental  interest  as  documents  of  a 

bygone  life,  these  creations  had  to  be  left  aside  as  incap- 
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able  of  marking  or  guiding  any  longer  our  onward  career. 
A  few  centuries  lapse,  and  poeterity  will  look  upon  them 
aa  we  do  on  the  hi^  monuments  of  early  Eastern  civili- 
sation, on  the  Sphinx  in  the  desert  or  the  Pyramids  of 
Egypt,  wondering  by  what  ingenious  contrivances  they 
were  raised,  what  amount  of  human  work  and  suffering 
they  represent,  or  what  idea  lived  in  the  minds  of  those 
who  planned  and  placed  them  where  they  still  remain. 

III. 

It  is  the  privilege  of  art  to  represent  at  a  glance  the 
whole  of  its  object,  and  thus  to  produce  at  once  a  total 
effect  on  the  mind  of  the  beholder.  Closer  scrutiny  may 
follow  and  may  show  how  the  various  parts  support 
the  whole,  bow  the  uniting  idea  is  revealed  in  all  the 
manifold  detail  of  the  component  elements :  still  the  im- 
pression of  the  whole  remains  and  supplies  the  key  for 
the  comprehension  of  every  p^-t.  Literature,  science,  and 
history  are  denied  this  privilege  of  presenting  their  ob- 
jects in  their  entirety,  and  thus  givii^  from  the  outset  a 
commanding  view,  a  leading  and  abiding  impression  of  the 
whola  We  have  to  ask  the  student  to  follow  us  patiently 
by  an  isolated  path  to  the  siunmit :  many  ways  lead  to  it, 
and  we  may  err  in  the  choice  of  the  right  and  convenient 
one.  Even  if  we  succeed  in  reaching  the  central  position, 
we  may  have  fatigued  the  reader  on  the  road  or  produced 
sensations  which  prevent  the  unbiassed  contemplation  of 
the  whole  view  when  it  is  presented.  With  us  the  whole 
is  only  the  sum  of  its  many  parts,  whereas  with  the  artist 
(he  parts  are  merely  fractions  of  a  united  whole.     In 
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treating  of  the  thought  of  the  century,  even  within  the 
narrow  limits  which  have  been  prescribed,  I  am  met  with 
similar  difficulties.  In  the  latge  circumference  of  the 
domain  of  thought  I  have  to  choose  a  starting-point  and 
to  construct  a  road  which  may  lead  to  the  central  position, 
hoping  there  to  gain  a  comprehensive  view  of  the  whole. 
Some  periods  of  history  are  characterised  by  one  great 
and  central  movement  which  absorbs  all  active  forces 
'  and  all  intellectual  and  imaginative  power,  maldiig 
'  them  either  subservient  to  one  end  and  purpose,  and 
helpful  in  the  elaboration  of  one  idea;  or  else  forcing 
them  into  opposition,  where  they  testify  equally  to  the 
importance  of  this  central  movement.  Such  periods 
were,  for  instance,  the  long  centuries  of  Jewish  history, 
the  early  age  of  the  Christian  Church,  the  period  of  the 
culmination  of  Papal  power,  the  Beformation,  the  French 
devolution.  In  studying  the  thought  of  such  ages,  we 
are  not  at  a  loss  where  to  find  the  leading  idea, — we 
easily  fix  the  centre  of  the  vortex  which  draws  into  its 
motion  all  the  existing  forces,  all  genius  and  all  talent. 
In  an  age  like  that  of  the  Keformation  we  can  speak  of 
the  Politics  of  the  Eeformation,  the  Eeligion  of  the  Befor- 
mation, the  Philosophy,  Literature,  and  Art  of  the  Eefor- 
mation, and  we  are  pretty  sure  to  embrace  under  these 
various  heads  an  account  of  all  the  mental  progress  and 
to  trace  all  the  thought  of  that  age,  be  it  friendly  or  anta- 
gonistic. It  is  evident  that  no  such  central  event,  no  such 
r  all-absorbing  vortex  of  motion,  exists  in  the  period  which 
we  have  lived  through.  The  uniting  bond,  if  it  exists,  lies 
much  deeper ;  the  problem  we  have  been  engaged  in  solv- 
ii^,  the  prize  we  are  fighting  for,  does  not  present  itself  oa 
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the  surface ;  it  is  not  explicitly  Btated,  it  must  be  implied 
rather  than  defined.  The  great  object  of  our  life  and 
labour  has  not  been  clear  to  us,  as  it  seemed  clear  to  those 
who  lived  during  the  Beformation  or  the  Bevolution,  other- 
wise we  should  not  have  philosophies  of  the  Unconscious 
and  of  the  Unknowable,  and  the  century  would  not  end 
in  asking.  Is  life  worth  living  ? 

Then,  again,  we  find  in  history  long  periods  of  quieb 
development,  where  men's  minds  seemingly  run  very  much 
in  the  same  direction,  exhibiting  a  general  tendency  of 
ideas,  the  spreading  of  a  defined  habit  of  thoi^ht  and  of 
simple  methods,  the  application  of  a  few  principles :  such 
a  period  was  that  preceding  the  French  Revolution,  the 
greater  part  of  the  eighteenth  century.  It  has  therefore 
been  easy  to  characterise  that  century :  it  has  been 
termed  the  philosophical  century,  the  century  of  the 
Aufkla/rung,  the  century  of   Voltaire.^      No  such  one 


'  Tbfl  firtt  who  reviewed  the 
literature  of  the  eighteeath  century 
from  an  intemktioiial  point  of  view 
«u  VilleniBin,  who  u  earl;  m  1S20 

tcaa  engaged  in  lecturing  st  the 
Sorbonne  before  the  Site  of  the 
risiDg  literarj  generation  of  France 
on  the  literature  of  the  eighteenth 
centur7,taking  Fran ceaa  the  centre, 
and  ihowing  the  iDfluence  of  foreign 
literature,  especially  English,  ae  like- 
wise Ibe  reaction  of  French  ideas 
abroad.  He  was  too  early  to  recog- 
nise the  true  meaning  of  the  new 
spirit  which  had  then  already  gone 
forth  from  Oermany.  Inthisrespect 
his  '  Conn  de  Litt^ture  fianfaiee,' 
published  in  1S33  and  republished  in 
1S64,  remain!  inoompkta.  Schloaaer 
next  attempted  to  present  in  his 
'G««ehiehte  dee  achtzehnten  Jahr- 
hnnderta,'  after  the  manner  of 
Gibbon,  a  picture  of  the 


political  and  literaij  work  of  the 
last  centui7.  The  first  draft  of  it 
appeared  in  1824,  after  Scbloeser 
bad  passed  two  years  m  Paris,  where 
no  doubt  he  must  hare  come  under 
the  influence  of  Villemain.  The 
work  itself  began  to  appear  in  1828, 
and  was  finished  in  1848.  It  is 
considered  to  bo  Sohloseer's  greatest 
work,  and  had  a  large  circulatioo. 
The  cDunectioD  of  political  and 
literary  history  was  studied  by 
QarvinuB,  who  with  Hiiusser  is 
usually  counted  as  a  pupil  of 
Schloaser.  But  the  great  work 
which  Villemain  had  begun  and 
Schlosser  taken  up  was  adequately 
carried  out  by  Hettner,  who  in 
his  '  Literaturgoschichte  des  acht- 
zehnten Jabrhunderta '  conceived 
the  whole  intellectual  movement  of 
that  age  an  a  battle  for  enlighten- 
ment (iaB.p/iIfr.iV''^i!inmj().  Thft 
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term  can  be  applied  to  our  ags,  no  one  name  can  be 
found  which  carries  with  it  the  recognition  of  all  the 
many  interests  which  smround  us. 

It  has  been  su^ested  by  some  that  the  history  of 


in  the  abstract  the  course  which  ideas  have  taken  in  an 
age,'  A  history  of  thought  in  the  nineteenth  century 
would  thus  mean  a  history  of  nineteenth  century  philo- 
sophy. There  have  indeed  been  plenty  of  philosophies 
and  systems  during  our  period,  but  In  apite  of  their 
great  number  and  variety — ranging  from  the  extreme 
idealism  of  Fichte  to  the  equally  extreme  materialism 
of  Biichner  * — we  feel  that  they  do  not  cover  the  whole 
area  of  thought.  The  period  in  our  century  which  in 
England  was  most  barren  in  philosophy,  the  first  forty 
years,  produced  an  entirely  new  literature  and  a  novel 
conception  of  art,  both  containing  new  sources  of  mental 
life,  though  they  have  hardly  yet  found  expression  in  any 
philosophical  system.  Equally  barren  in  speculation  was 
France  during  the  Bestoration ;  yet  there,  too,  was  a 


And  "  RBtioDiklum "  u  it  began  id  porar^  growth  of  the  ntw  life  hi 

Bnglknd,  and  waa  repreianted  on  EngliHh    Literature    and    Art,    to 

tbe   Continent   by   Rouueau   and  which,  in  fact,  no  German  hiitotian 

the   earlier  ideaU   of   the   French  hai  ai  yet  dona  justice. 

Revolution.    Through  Rouweau  and  '  See  eapecially  Hegel'a  Lectures 

the    RcTolution    the   growing    in-  ou  the  Hisborj  of  Pliiloeoph;  in  hia 

fluence  of  the  new  spirit,  of  English  '  collected  works,  voL  liii.  p.  68  tgi/. 

literature  wu  oTerpowered  and  loet  '   (Complete  edition.  Berlin,  1632.) 

for  the  ContinenL    And,aswehaTe  ;       ^  The   principal  publications  of 

to  regret  in  Villemain  his  neglect  i   this  school  are  Vogt, '  Physiologiache 

of  the  new  lite  of  Germany,  ao  we  {   Briefe,'  1845-47 ;  Holeschott,  'Der 

liaTe  to  deplore  thai  Hcttner  fo!-  Kreiilauf  des  Lebens,'18S2  ;  Biicb- 

lowed  the  developmenu  of  Kattonal-  ner,  '  Kraft  und  Stuff,'  1SS5. 

um  and  Auftlkrung  only  in   the  I 


b,Goo(^lc 


INTEOD0CriON. 


61 


brilliant  era  of  literature,  and  the  whole  of  Europe  was 
illuminated  by  the  light  of  science  which  emanated  from 
Paris  during  the  fit«t  third  of  this  century.  History  of 
philosophy  has  little  to  say  about  Goethe,  though  his  » 
work  embodies  for  us  probably  the  deepest  thought  of  ^ 
modem  times.  Again,  the  only  great  and  novel  system  " 
of  philosophy  which  France  has  produced  during  this 
century  is  that  of  Comte,  but  it  has  bad  only  small 
influence  in  its  own  country ;  and  who  would  say  that 
it  reflects  French  thoi^bt  of  the  period  as  Voltaire 
and  Montesquieu  reflected  the  thought  of  the  last 
century  ?  H^l  himself,  who  was*  intent  upon  tracing 
the  working  of  the  human  mind  in  the  systems  of 
philosophy,  declared  that  philosophy  is  the  latest  fruit 
of  civilisation, — that  the  special  idea  which  governs  any 
period  is  already  dying  out  when  it  appears  in  a  system.^ 


>  The  princip&l  pu«age  expound- 
ing  this  idea  of  Hegel's  ia  to  be 
lound  in  the  introduction  to  the 
conne  of  leotttrea  which  he  delivered 
tit  Berlin  repeotedlf  duriDgthejesre 
1816  to  1830.  See  hii  collected 
woi^  vol.  ziii.  p.  Sfl  !  "  Fhilosopb; 
nutkea  ite  appearsnce  at  the  time 
when  the  miod  of  a  nation 
worked  itaelf  out  of  the  indifierent 
dnlneee  of  the  earlf  life  of  oature, 
M  well  as  out  of  the  period  of  pas- 
Biooat«  iDtere«t ;  inaamuch  aa  the 
direction  tonarda  detail  hoe  spent 
iteelf,  the  mind  IruiacendB  its 
natural  fonn — it  paasea  on  from 
practical  morals,  from  the  force  of 
real  life  to  reflection  and  compre- 
bennoD.  The  consequence  ia,  that 
it  attacks  this  actual  form  of  exist- 
ence, these  morals,  this  faith,  and 
disturba  them  1  and  with  this  comes 
the  period  of  decay.  The  further 
atage  is,  that  thought  tries  lo  collect 
itaelf.     One  ma;  sa;,  that  where  a  i 


people  has  come  out  of  its  conorete 
forms  of  life,  where  distinction  and 
separation  of  GlBsaee  haa  set  in, 
where  the  nation  approachea  its 
fall,  where  a  rupture  has  taken 
place  between  the  inner  desires  sud 
the  external  reality,  where  the  rul- 
ing form  of  religion,  ka.,  kc,  doea 
not  satisfy,  whers  the  mind  shows 
indifierence  towards  its  living  exist- 
ence or  lingers  disoontentedl;  in  it, 
where  moral  life  ia  in  diuolution — 
then  only  does  one  philoaophise. 
The  Boul  takes  refuge  in  the  realms 
of  thoiwh^  and  in  oppoeition  to  the 
real  wond  it  creates  a  world  of  ideas. 
Philosophy  ia  then  the  reparation  of 
the  mischief  which  thought  has  be- 
gun. FhUoeophy  begins  with  the 
decline  of  a  real  world  :  when  she 
ippeara  with  her  abstractions,  paint- 
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This  means  that  philosophy  is  retrospective :  it  sums  up, 
it  criticises,  it  does  not  pre%ure  the  future.  The  correct- 
ness of  this  proposition  may  be  doubted.  We  shall  have 
to  deal  with  it  in  another  place.  At  present  it  reminds 
us  that  thought,  in  the  sense  in  which  we  take  it,  cannot 
be  identified  with  philosophy,  and  hence  a  history  of 
philosophy  in  the  nineteenth  century  is  not  identical 
with  a  history  of  its  thought.  There  is  indeed  a  sense 
in  which  the  word  philosophy  is  sometimes  used,  when 
it  approaches  more  nearly  to  the  meaning  of  the  word 
thought,  as  we  intend  to  use  it,  Whewell  has  in  this 
sense  written  the  philosophy  of  the  inductive  sciences, 
meaning  to  trace  in  that  work  the  processes  of  thought 
which  are  consciously  or  unconsciously  employed  in 
scientific  research  and  reasoning,  and  which  lead  to 
progress  in  science.  Something  similar  might  be  at- 
thmi^ht"  tempted  in  regard  to  art,  commerce,  politics,  government, 
•01*)''  religion,  and  literature  generally.  In  every  case  philo- 
sophy would  simply  mean  the  peculiar  way  of  thinking 
and  reasoning  which  is  adopted  in  these  various  branches 
of  practical  or  intellectual  life.  This  is,  however,  not  the 
sense  in  which  the  word  philosophy  is  generally  used. 
It  generally  denotes  something  more  than  a  statement  of 
method  or  a  rationale  of  ideas  and  refiections  ;  it  denotes 
a  definite  theory,  an  explanation  of  a  latter  or  smaller 
circle  of  phenomena.  As  such  it  certainly  forms  a  part 
of  the  thought  of  the  century,  probably  the  most  in- 
teresting Eind  fascinating  part ;  but  it  is  also  that 
which  is  moat  liable  to  change,  most  subject  to  discus- 
sion ;  whereas  the  other  more  hidden  thoi^hts  and  reason- 
ings form,  as  it  were,  the  ground  upon  which  all  the 
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intellectnal,  artistic,  and  practical  achievements  of  the  age 
rest. 

It  would  Uios  appear  as  if  an  account  of  the  thouifht  of  b. 
the  century  might  naturally  divide  itself  into  two  separate  {[|^„J^ 
investigations.  In  the  firet  place,  we  should  regard  thought  J^^'JjS'^ 
merely  as  a  means  to  an  end,  as  the  method  adopted  to  """'■ 
attain  a  certain  puipoee,  be  it  practical  or  theoretical.  It 
would  mean  the  peculiar  kind'  of  reasoning  which  has  been 
employed  in  the  search  for  knowlet^  or  in  its  useful 
application.  As  all  reasoning  starts  from  certain  assump- 
tions, called  premisses,  or  principles,  or  axioms,  and  pro- 
greaees  from  these  by  certain  methods,  this  portion  of  our 
task  would  divide  itself  f^ain  into  a  statement  of  the 
principles  which  underlie,  and  an  account  of  the  methods 
which  have  guided,  theoretical  and  practical  reasoning. 
But  thought  does  not  exist  merely  for  the  sake  of  in- 
creasing our  knowledge  of  things  and  of  applying  this  to 
practical  purpoees.  Occupied  in  this  way  merely,  it  re- 
mains fragmentary,  incomplete,  and  not  infrequently  it 
reveals  contradictions.  Even  those  who  devote  themselves 
purely  to  detailed  research  or  to  practical  work  are  again 
and  ^ain  compelled  to  take  a  wider  and  deeper  view  of 
things  than  their  special  occupation  affords.  One  may 
find  that  the  methods  which  he  is  using  daily  become 
oseless  for  certain  practical  purposee  he  has  In  view,  and 
may  thus  be  forced  to  question  the  principles  which  during 
half  his  lifetime  he  has  applied  with  unquestioning  faith 
in  their  validity  and  usefulness.  Another  may  have  met 
with  such  success  in  the  uae  of  a  special  method  of  re- 
search, that  he  wishes  to  apply  it  to  aubjecte  which  wete 
previously  handled  in  a  different  manner,  or  elevate  it  to 
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the  dignity  of  a  general  rule  of  thought.  A  third  may, 
accidentally,  be  intereetcd  in  two  or  more  pursuits  which 
are  seemingly  unconnected,  but  which — being  broi^ht 
side  by  side  in  his  mind— he  feela  the  wish  to  unite 
and  harmonise.  A  fourth  may,  at  a  certain  time  of  life, 
grow  tired  of  the  dru<%ery  of  petty  pursuits  which  never 
carry  him  beyond  a  very  limited  sphere  of  interests :  he 
ie  tempted  to  look  beyond  this  narrow  range,  and  gain 
some  wider  view  of  other  pursuits  and  interests.  Allowing 
that  ignorance  or  indifference  prevents  even  the  majority 
of  those  whose  powers  are  not  exhausted  in  the  struggle 
for  mere  existence  from  looking  much  beyond  their  nar- 
row circle,  allowing  also  that  many  of  us  live — like  chil- 
,dren — in  a  blessed  trust  that  the  great  and  important 
interests  of  mankind  are  under  higher  and  better  guidance 
than  we  can  understand  or  control,  there  still  remain  a 
considerable  number  of  persons  who  are  always  on  the 
look-out  for  something  h^her,  wider,  and  better,  who  are 
driven  by  an  undying  thirst  after  real  wisdom,  or  by  an 
inherent  restlessness  of  disposition  to  inquire  into  the 
deepest  foundations  and  the  ultimate  ends  of  the  world 
and  life.  Language  has  coined  a  word  which  denotes  the 
whole  of  these  occupations  and  endeavours,  how  various 
so  ever  they  may  be,  and  for  whatsoever  purpose  they  may 
be  undertaken.  It  calls  them  speculations.  The  word 
also  indicates  the  venturesome  and  risky  nature  of  these 
undertakings.  They  have  existed  in  all  ^fes  and  countries 
and  languages  wherever  literature  has  existed,  and  have 
been  carried  on  by  the  powers  of  reason  or  imagination, 
in  prose,  verse,  or  symbol,  sometimes  in  defined  and  clear 
terms,  more  often  in  mystic  allegory.     Philosophy  may  be 
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said  to  hftve  grown  out  of  these  vague  and  scattered 
b^tinniugs  by  the  attempt  to  conduct  them  according  to 
aome  method,  and  to  unite  them  into  a  complete  and  con- 
eistent  whole.  Philosophy  may  thus  be  defined  as  specula- 
tion carried  on  according  to  some  clear  method,  and  aim- 
ing at  systematic  unity.^  Both  science  and  philosophy 
may  be  called  methodical  thought,  but  the  word  system  is 
applicable  only  to  the  higher  and  more  advanced  forms  of 
philosophic  thought  which  aim  at  unity  and  completeness. 
We  have  thus  arrived  at  a  second  division  of  our  sub- 
ject. In  the  first  we  have  to  consider  thought  merely  as 
a  means  to  an  end ;  in  the  second  we  have  to  consider  it  as 
its  own  object,  as  a  reflection  on  itself,  carried  on  with  the 
object  of  knowii^  its  own  origin,  its  laws,  its  validity,  of 
testing  its  powers,  and  with  the  end  and  aim  of  gaining 
certainty,  completeness,  and  unity.  The  whole  of  this  a. 
great  division  of  thought  I  shall  comprise  under  the  ""  i™^- 


'  This  view  of  the  luiture  and 
object  of  Philosophy  agraei  with 
LoUe's  deRniUoD  (nee  '  QruDdzUge 
der  Logik,'  Leipiig,  ISSS,  %  S8) : 
"  The  common  culture  of  life  and 
the  ttparatt  tciencei  coDtain  a  num- 
ber of  auppoitiona  the  origin  of 
which  is  obacDTe  to  ub,  beouM  they 
hare  been  very  gradually  formed 
within  u«  through  the  comparison 
of  tniiny  eiperiences,  or  because 
they  have  flnt  become  conecious  by 
means  of  such  experiences,  have 
then  received  definite  oamBB  and  be- 
come habitual  without  haring  been 
subjected  by  us  tu   any  examina- 


othen 


3n, the  < 


the  extent  of  their  validity.  In  this 
way  science  and  life  make  use  of  the 
notiona  of  eauie  and  ^ect,  of  nalUr 
KaAforce,  oimtaaitxiAmi.olfne- 
dom  and  mcenity,  of  matter  and 
VOL.  L 


mind,  and  tbey  frequently  entangle 
themselves,  owing  to  the  nbove-men- 
tioned  defect,  in  contradictions,  in- 
asmuch as  they  are  unable  to  fix  the 
limits  of  validity  of  these  to  some 
extent  contiadictmy  assumptions. 

"  Now  we  may  formaUy  define 
the  task  of  Philosophy  as  follows : 
that  it  is  an  endeavour  to  import 
unity  and  connectedness  iato  the 
scattered  directions  of  cultured 
thought,  to  follow  each  of  these 
du-ections  into  its  assumptions  and 


into  its  consequei 
them  all  together,  t 
contradictions,  and  to  form  o 
them  a  comprehensive  view  of  the 
world  ;  mainly,  however,  to  subject 
those  ideas  which  scienoe  and  life 
regard  as  principUt  to  a  special 
scrutiny,  in  order  to  determine  the 
limits  of  tiieir  validity." 
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term  Philosophy;  and  as  the  first  part  will  deal  with 
the  acientific,  so  will  the  second  deal  with  the  philo- 
sophical thought  of  oar  century. 

Science  has  gradually  risen  out  ot  the  maae  of  accu- 
mulated but  inaccurate  and  disorderly  knowledge  by 
the  desire  of  making  it  accurate,  orderly,  and  useful. 
Philosophy  has  similarly  emerged  from  the  great  world 
of  speculative  -thought  by  the  desire  of  carrying  it 
on  methodically  aud  for  a  defined  end  and  purpose. 
Nevertheless  neither  the  one  nor  the  other,  nor  both 
together,  really  exhaust  the  whole  meaning  of  the  word 
"Thought";  neither  science  nor  philosophy  covers  the 
whole  r^on  of  thought.  Both  are  comprised  under  the 
term  methodical  thought;  but  there  remains  the  great 
ij.       body  of  immethodical,  undefined  thought.    This  is  buried 

Kelther  .  ,  ,.  ,  .        , 

■denn  not  m  general  literature,  in  poetry,  fiction,  and  art ;  it  shows 

S?Sh^    its  practical  infiuence  in  the  artistic,  moral,  and  religious 

a^w^"'   life  of  <>"<'  t>gB.     It  is  a  reflection  of  the  knowledge  of 

°^         science  or  the  light  of  philosophy,  but,  like  all  reflected 

light,  it  not  only  follows,  it  also  precedes  the  real  and  full 

light :  it  LB  not  only  the  dusk  that  comes  after,  it  is  also 

the  dawn  that  comes  before  the  day,  it  is  the  twilight 

la.       of  tboi^ht.    In  it  lie  hidden  the  germs  of  future  thought, 

•JK^dwi  the  undeveloped  b^innings  of  art,  philosophy,  and  science 

S?f  toe     y®'  unknown  and  imdreamt  of ;  it  encloses  and  surrounds 

*^  the  innermost  recesses  of  the  mind,  where  all  thought  had 

ita  origin,  and  whence  it  ever  and  again  draws  fresh  life 

and  inspiration.^ 

'  This  ii  origintlly  t,  Leibninau  I  in  the  introduction  to  the  'Nou- 
ide>-  Itial&id  down  in  thedoctrine  vekux  Euais,'  and  referred  t«  in 
of  the  pttUt*  ptrtrpliont.  Be  given  |   many  paeattgee  of  Leibnii'e  varioui 
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No  account  of  tlie  thought  of  our  century  would  be 
complete  or  eatisfactory  which  took  no  notice  of  thia  great 
volume  of  immethodical  and  unsyatematic  thought  which 
lies  buried  in  the  general  literature  and  in  the  art  of 
the  ^e.  Both  have  shown  a  vitality,  originality,  and 
versatility  which  exceed  that  ot  any  except  the  few 
favoured  periods — those  of  Athens  under  Fericlea,  Italy 
durisg  the  Benaissance,  and  England  under  Elizabeth, 
In  one  of  the  arte,  in  music,  our  age  has,  according  to  the 
opinion  ot  many  competent  jndgea,  exceeded  in  originality 
and  certainly  in  productiveness  all  fonner  ages.  In 
poetry  Goethe  and  Wordsworth  have  raised  our  tastes 
and  demands  to  a  higher  level,  in  fiction  France  and  ^ 
England  have  almost  created  a  new  branch  of  literature,  *' 
whilst  the  peculiar  features  of  modem  English  landscape- 
painting  were  unknown  to  previous  centuries.  All  this, 
though  produced  under  no  scientific  or  philosophical  rule 


writing*.     Sm  'Noav.   Em.,'  Pt«-   |   poun-ai«nt  lire  toute  to  mite  d«« 
(»ce,  IfBibniE,  Philotophiacbe  Werke,   I  ehoee«  de  I'ui ' 


n,  vol.  T.  p.  48  i —  "  QuBi    lint,    qua)  fuerint,   quio 

"Ceapetit«ipcrc«ptioDBBOiitdoiio  moz  futura  trahuitur.  .  .  .  Ceat 
depliugraadflefBcaceparleuriuiU*  kUHi  par  )«■  perceptioDi  ioMMiblM 
qn'on  ne  poiwe.  Ce  aont  eUe*  qui  qu«  ■'eipliqua  oetle  Mimimble  har- 
fonnmt  ce  je  ne  t^  quoy,  cei  ,  monie  pr^wtoblio  de  I'Ama  «t  da 
gouU,  ces  inugaa  (1m  qiuliwa  6r*  '  corpa,  et  inemtt  de  toutM  la  Hod- 
Moi,  olaira  dana  I'aaaeioblage,  maia  adea  oa  aubatanoea  aimplca,  qui  *up- 
confiuea  daua  lea  parties,  cea  im-  pl^  k  I'influeDce  iDaodteiiable  dee 
que  dsH  corn  eDiirDnniuia   |  una  aur  lea  autrea,  et  qui  au  juge- 

,    — 1 •      ment  de  I'aulaur  du  plua  beau  dM 

Diotionnairee  eialta  U  graadeur 
dea  perfectiona  diviaea  au  delii  de 
ce  qu'on  eu  jamMa  coDfU." 

The  importance  of  thia  idea  of 
Leibniz  has  been  dnelt  on  at  length 
chargd  du  psaae,  que  tout  eat  '  b;  EuQO  FiKher  in  liia  '  Oeaehii^te 
coii(]Hraat  lif6ii'rtia  viErro,  eumme  :  der  neueren  Fhiloaophie,'  where  he 
diatut  HippoenM)  et  que  dana  la  ',  alao  tracea  ita  influence  in  the 
moindre  dea  aubatances,  dea  j-eux  deTelopment  ot  philoaopb;  and 
>«au   peTfan*  que  ee-ax  de  Dieu   1  literature  in  Oernunr  after  Leibnic 
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font  aur  noua,  qui  enveloppent 
rinfint,  cette  liuaon  que  cLaque 
eatre  a  avac  tout  le  reite  de  I'uiii- 
ver*.  On  peut  meme  dire  qu'en 
cooiieauence  de  cea  petit«a  percep- 
tiona  le  prcaent  eat  groa  de  I'ai 
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and  very  frequently  outside  of  any  school,  points  to  novel 
modes  of  mental  conception,  to  a  fund  of  ideas  yet  un- 
developed or  only  partially  developed  into  clear  thought. 
The  whole  of  this  productiveness  indicates  a  vast  amount 
of  mental  work  which,  though  not  yet  absorbed  by  science 
or  philosophy,  belongs  nevertheless,  according  to  our 
original  conception,  to  the  world  of  thought.  The  mean- 
ing of  it  may  be  enigmatical,  and  the  clear  expresBion 
which  it  will  some  day  produce  in  philoeophical  and 
scientific  reasoning  may  be  far  distant  and  unintelligible 
15.  to  us  now.  Still  there  it  is,  this  great  body  of  undefined 
odtiuwght,  thought,  this  volume  of  diffused  light,  the  focus  and 
centre  of  which  is  still  hidden  from  us.  We  feel  that  in 
discussing  the  thought  of  the  century  we  cannot  pass  it 
by  or  neglect  it. 

It  is  difficult  to  find  any  one  term  under  which  we 
could  comprise  this  great  body  of  unmethodical,  scattered, 
and  frt^mentary  thought, — any  one  word,  similar  to 
science  and  philoeophy,  in  which  we  could  sum  up  and 
characterise  its  general  meaning  and  tendency.  So  far 
we  have  only  stated  what  it  is  not,  what  to  a  large  extent 
it  perhaps  never  will  be — viz.,  methodical.  And  yet  we 
feel  that  it  contains  that  kind  and  portion  of  thought 
which  touches  our  deepest  interests,  our  most  intimate 
concerns,  our  noblest  aspirations.  Science  becomes  more 
and  more  a  mere  calculation,  wm  question  d'analyse,  an 
occupation  for  the  laboratory,  the  workshop,  the  manu- 
factory, and  the  market ;  philosophy  savours  at  its  best 
too  much  of  the  school  and  lecture-room,  runs  too  much 
into  systems  and  categories,  it  fatigues  us  with  definitions 
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and  abstractions.     But  neither  calculation  and  measure-       i«. 

Bamintd 

ment,  nor  definition  ana  abstraction,  suffice  to  exhaust  ^^^ 
what  is  to  us,  in  the  quiet  and  serious  moments  ot  life,  of  ^ght 
the  deepest  concern — viz.,  our  religion.  I  use  the  word 
here  in  its  original  sense,  and  I  propose  to  sum  up  in  the 
term  rel^ous  thought  the  whole  ot  the  thought  contained 
in  that  large  volume  of  literature  which  does  not  submit 
to  scientific  and  philosophical  ti-eatment,  but  which  never- 
theless forms  so  important  an  outcome  of  the  mental  life 
of  the  century. 

There  are  other  words  more  or  less  current  in  modem 
literature  that  may  serve  to  throw  some  light  on  the 
distinction  that  I  am  here  drawing  for  the  purpose  of 
aSbrding  a  preliminary  view  of  the  course  to  be  pur- 
sued in  the  following  treatise. 

Science  is  said  to  be  exact,  positive,  and  objective,  and       v. 

,         ,  ,         ,  .      .  Sdencel* 

it  IS  opposed  to  such  other  thought  as  is  inexact,  vague,  ^t.  f«>- 
'  and  subjective.  Science  is  said  to  convey  its  results  or  »y«""- 
ideas  in  defined,  direct,  and  general  terms,  whereas  there 
is  a  lai^  department  of  literature  and  thought  which 
moves  in  undefined,  symbolical,  and  indirect  expressions. 
Science  professes  to  rest  on  clear  and  precise  knowledge, 
and  is  thus  opposed  to  such  other  realms  of  thought  as 
rest  on  opinion,  belief,  and  faith.  It  may  be  well  to  note 
here  that  these  different  terms  refer  either  to  the  method 
of  treatment  or  to  the  matter  which  is  under  treatment. 
Science  alone  professes  to  have  a  rigid  and  undisputed 
method.  Other  branches  of  thought  either  borrow  their 
methods  from  science,  or  they  have  fluctuating,  not  gener> 
aUy  recognised  methods,  or  they  refuse  to  submit  to  method 
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altf^ther.  But  bo  far  as  the  matter  under  treatmeDt  is 
coDcemed,  a  clearer  division  is  possible.  Science  deals 
with  all  such  things  or  objects  of  thought  aa  are  conuDoa 
to  a  great  many  persons  and — under  certain  circumstances 
— are  accessible  to  everybody :  it  thus  claims  that  its  ob- 
servations and  reasonings  can  be  checked  and  submitted  to 
repeated  examination  and  verification ;  so  that  a  large  por- 
tion of  them  cau  always  be  regarded  as  settled  and  ^reed 
upon,  and  can  be  taken  for  granted  and  used  as  a  secure 
foundation  by  those  persons  who  are  themselves  unable  or 
unwilling  to  go  through  the  process  of  verification.  But 
there  are  a  great  many  things  and  interests  which  centre 
in  the  individual  mind  of  each  person — which  are,  in  fact, 
^^1^™  personal,  individual,  or  subjective.  They  are  to  all  of  ua 
just  as  important  as  the  others.  They  form  the  real  sub- 
ject-matter of  all  that  thought  which  is  separated  from 
science,  and  in  its  very  nature  and  aspect  opposed  to  it. 
In  this  great  province  of  thought  one  person  cannot  do 
the  work  for  many  in  the  same  way  as  is  possible  in 
science.  Proof  is  almost  impossible,  and  agreement  refers 
always  only  to  a  certain  number  of  persons.  Doctrines  or 
theories  in  this  region  of  thought  cannot  be  accepted  and 
taken  for  granted  as  they  are  in  science,  but  every  person 
must  go  over  the  same  ground  for  himself  before  he  has 
any  right  to  acceptor  make  use  of  what  is  given  to  him. 
The  real  and  true  character  of  all  this  thought  is  that  it 
is  individual  and  personal,  whereas  all  scientific  thought 
— whatever  its  origin  may  be — must  be  general  and  im- 
penional.  At  the  extreme  end  of  thought  in  one  direction 
are  placed  the  mathematical  sciences,  at  the  extreme  end 
in  the  other  lies  religion.     Disagreement  in  the  former  is 


b,GoO(^lc 


INTRODDCTION. 


71 


almost  as  unkuown  ^  as  agreement  in  the  latter.  There 
we  have  an  almost  miiversal  unity  of  tboi^ht ;  here  unity 
of  thought  probably  never  exiated ;  it  is  unknown.  Popu- 
larly we  can  aay  that  at  the  one  extreme  lie  knowledge 
and  certainty,  at  the  other  faith  and  belief.  There  ia, 
however,  a  very  lai^  extent  of  ground  between  these  two 
extremes.  Tbia  is  covered  byall  such  intermediate  thought 
as  reals  partly  on  knowledge,  partly  on  faith,  where  cer- 
tainty is  largely  mingled  with  belief.  This  lai^e  inter-  m. 
mediate  region,  where  changes  and  fluctuations  are  fre-  ^'^^^ 


quent  and  rapid,  is  the  proper  homo  of  philosophy,  which  ^ 
occupies  itself  with  the  grounds  of  certainty  and  belief ,"* ''"''*°- 
the  origin  of  knowledge  and  faith,  and  the  relations  in 
which  both  Btand  to  each  other.  Were  all  our  thoughts 
either  purely  mathematical  —  i.e.,  referring  to  number, 
measurement,  and  calculation,  or  purely  religious — u., 
referring  to  our  individual  concerns  and  personal  convic- 
tions,— the  need  of  a  continued  compromise  or  mediation 
would  be  unnecessary,  the  question  as  to  the  grounds  of 
certainty  or  belief  would  never  arisen  But  no  sooner 
do  we  wish  either  to  apply  our  strict  mathematical  no- 
tions and  processes,  or  to  bring  our  personal  convictions 
into  practical  use,  than  the  two  kinds  of  thought  come 
into  contact,  not  to  say  into  conflict,  and  there  is  need 
of  acme  theory  according  to  which  this  contact  may  be 
regulated,  this  conflict  settled.  And  as  the  occasions  for 
Buch  contact  change  with  the  demands  of  practical  life,  or 


'  It  ma;  b«  donbtai  frhsther  this 
ia  quite  oomct,  looking  kt  the  eoa- 
IroToniB*  whioh  luive  been  coaneo- 
tad  with  nuu;  raathem^^cftl  theo- 
rial — aucb  u  tlie  theory  of  {wnJIel 
linea.  th«  UMUiing  ol  infliiitaiinuk, 


th«  GoiTMt  tDMMure  ot  forM. 
Theae  coDtrovenie*,  howaver,  ra- 
ten«d  rodly  to  applied,  not  to  pure 
mathematics,  and  irere  eettlM  hf 
introducing    correcter    and    more 
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the  progrees  of  applied  scieuoe,  theee  theoriee  muBt  them- 
selves change  and  develop.  Now  it  may  be  generally 
stated  that  it  is  the  task  of  philosophy  to  take  note  of 
these  different  ways  by  which  the  strict  methods  of  science 
are  applied  and  made  useful,  or  by  which  personal  and 
individual  convictions  are  brought  to  bear  upon  practical 
questions  which  are  not  only  of  personal  but  of  general  in- 
tei-est  and  importance.  It  does  not  follow  that  philosophy 
must  necessarily  construct  a  complete  system ;  but  it  is  a 
natural  and  frequent  occurrence  that  the  occupation  with 
a  great  number  of  detached  theories  or  aspects  of  thought 
generates  the  desire  to  bring  them  into  harmony  and  to 
unite  them  in  a  connected  whole.  Thus  the  enterprise 
which  was  originally  purely  critical  and  preparatory,  and 
undertaken  merely  as  a  means  to  an  end,  may  lead  to  the 
formation  of  a  general  and  all-embracing  view  of  things 
— i.e,,  to  a  philosophical  system. 

From  whichever  side  we  approach  the  matter,  we  are 
thus  always  led  to  a  threefold  consideration  of  thought, 
wn^den-  as  Scientific,  as  individual,  and  as  philosophical.  An  at- 
M^Sflo  tempt  in  which  any  of  these  three  aspects  were  neglected 
mimI''''  could  have  no  value  in  an  account  of  the  thoi^ht  of  our 
age.  There  have  indeed  been  schools  of  thought  which 
identified  science  with  philosophy,  or  which  maintained 
that  no  independence  belonged  to  religious,  personal,  or 
individual  thought,  inasmuch  as  this  was  merely  of  a 
derived  chamcter.  Though  such  theories  may  have  ex- 
erted considerable  influence,  they  have  as  a  whole  failed,' 


'  Thia  can  b«  wd  of  Hegalian- 
»m  aa  irell  m  of  Comtiam.  Id  th« 
former  it  wu  a  favourite  doctrine 
that  philoaopbf  wm  tbe  higher 
iritdom  compared  with  religion  and 


art.  See  Hegel,  '  OeBchichte  der 
Philoeophie'  (Werke,  vol.  iv.  p. 
684) !  "  The  highest  aim  and  inter- 
eet  of  philosophy  is  to  reconcile 
thought,    the   idea,    with    reality. 
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and  we  Snd  oaraelves  at  the  end  of  a  long  and  critical 
period  unable  to  say  that  any  one  of  the  three  realms 
of  thought  has  gained  an  undisputed  victory  over  the 
others.  Science  is  more  than  ever  that  kind  of  thou^t 
which  gives  knowledge  and  certainty.  Eeligion  is  still 
the  generally  recognised  abode  for  those  convictions 
which  refer  to  our  deepest  personal  interests.  And  more 
than  ever  do  we  feel  tho  need  of  a  reconciliation  of  both       at. 

Phllfwphy 

in  some  theory  of  life  which  is  neither  purely  scientific  nor  J^*^^*^ 
purely  individualistic ;  and  this  means  that  philosophy  is  ^^^"^ 
as  much  needed  as  ever.  Our  century  has  witnessed  a 
great  development  of  scientific  thought,  a  great  revival  in 
religious  interest,  religious  feeling,  and  religious  activity, 
and  it  is  probably  richer  than  any  preceding  ^e  in 
philosophical  theories  and  systems. 

I  must  repeat  here  what  I  said  above,  that  it  is  a 
misfortQne  that  in  dealing  with  a  complicated  subject 
we  are  obliged  to  divide  it, — that  we  are  forced  to  give 
preference  to  some  one  aspect,  and  to  choose  a  special 

Philooophy  U  the  Tcritable  theo-  siou«  belief,  which  threntmed  to  be 
diCT,  eompued  with  krt  and  religion  lent  in  the  ntiooftliitic  and  mysUcal 
•nd  tMir  *£i)tiiiKDta — this  recon.  BchooU  of  the  day.  Aod  this  had 
eiliation  of  the  mind,  indeed  of  that  !  the  further  consequence  that  a 
mind  which  baa  fcraaped  itaelt  in  the  I  acientific  occupation  with  or  inter- 
freedom  and  wealth  of  it*  reali^.  '  e*t  in  religiouB  eubjecta — be  it  meta- 
It  i>  eaay  otherwiae  to  find  Batiafac-  physical  or  htatoHcal — took  the 
tioD  in  aubordioalfi  regiona  of  intui-  ,  place  of  a  purely  religious  interest, 
tion  and  feeling,"  tic,  Ac.  Al-  I  and  that  many  eminent  German 
though  it  It  ao  ex^Egeration  to  aay  theologiana  became  either  pure 
that  Hegel  deaired  to  absorb  or  |  metapbyidciaDa  or  merely  critjcs, 
evaporate  religioua  belief  in  philo-  I  the  pncticai  aide  being  lost  sight  of. 
aophiat  knowledge,  as  bis  length;  .  It  is  probably  just  as  incorrect 
eiplanation  (Introduction  to  the  to  accuse  Comte  of  an  intention 
'  History  of  Philosophy,'  Works,  vol.  to  destroy  true  religion  because  he 
liiL  p.  77  If?.)  sufficiently  prove*,  !  preached  the  well-known  doctrine 
there  ia  no  doubt  that  the  senti-  j    of    the     three    stage*    of     human 


:  expressed  in  the  above  paa-   '  thought — the  theological,  the  m 
indicate*  that  philosophy  was      physical,  and  the  scientific  or  i 
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point  from  which  to  set  out.  Id  dealing  with  the 
thought  of  our  ^e,  I  have  heen  obliged  to  divide  what 
ia  in  reality  connected  and  coherent ;  and  I  am  further 
forced,  in  examining  moro  closely  its  difTerent  aspects, 
to  select  one  as  the  n^ost  prominent  with  which  to  make 
a  beginning.  In  reality  such  a  preference  does  not  exist 
in  my  plan.  I  recognise  all  the  aspects  of  thought  as 
equally  important,  and  I  feel  that  I  might  b^n  with 
any  one  of  the  three,  and  that  I  should  in  due  course  be 
M.  led  on  to  a  consideration  of  the  other  two.  They  are  in 
Mpuate  thfl  their  actual  historical  appearance  in  the  courseof  our  penod 
^^^  80  interwoven  that  they  cannot  practically  be  separated. 
And  it  is  indeed  not  difficult  to  assume  various  poeitions 
in  contemplating  the  whole  subject  from  which  either  one 
or  the  other  of  the  three  forms  of  nineteenth-century 
thought  assumes  as  it  were  the  ascendaucy.  Thus  it 
would  be  undeniable  that  from  a  German  point  of  view 
the  great  movement  of  ideas  centred  in  the  first  third  of 
the  century  in  what  I  have  called  philosophy.  The 
number  of  systems  which  succeeded  each  other  was 
astonishing,  the  influence  they  had  on  literature,  science, 
and  practical  life  was  without  precedent,  the  enthusi- 
asm with  which  students  from  all  parts  gathered  in  the 
lecture-rooms  of  the  great  metaphysicians  was  quite 
extraordinary,  and  probably  equalled  only  in  the  schools 
of  Athens  in  antiquity,  or  in  the  lecture-room  of  Abelard 
in  the  middle  ages.  From  this  point  of  view  an  account 
of  this  great  movement — how  it  grew,  flourished,  and 
died  away — would  no  doubt  afford  a  suitable  introduc- 
tion to  the  history  of  thought  in  our  century.  If  after 
this  we  were  to  turn  to  France  and  try  to  fix  upon  the 
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most  Btriking  intellectual  feature  of  the  centuiy,  it  would       «■ 
be  the  equally  great  and  remarkable  array  of  scientific  ^^^*|„ 
names  of  the  first  magnitude.     In  France  during  the  i^g*^^ 
early  part  of  the  century  the  foundation  of  nearly  all  the  ^niy.  ' 
modem  sciences  was  laid ;  many  of  them  were  brought 
under  the  rule  of  a  strict  mathematical  treatment.     It 
was  there  that  scientific  subjects  were  made  ao  popular, 
and  clothed  with  a  garment  of  such  elegant  diction,  that 
they  have  since  that  time  greatly  entered  into  general 
consciousness,  and  have  promoted  in  literature  and  art 
an   independent   school  —  the   naturalistic      Compared 
with    this    mathematical   and   naturalistic   spirit,   philo- 
sophy proper  has  found  but  a  meagre  development  and 
culture  in  France :  the  constructive  tendency  of  ideal- 
ism has  found  nourishment  for  the  most  part  only  in 
leanings  to  the  older  systems  of  Descartes,  Plato,  and 
Aristotle,  or  to  the  fore^  ones  of  H^l  and  other 
German  metaphysicians.     Compared  with  Germany  in 
philosophy,  and  with  France  in  science,  England  during 
the  early  part  of  the  century  appears  remarkably  unpro- 
ductive.    English  science  and  English  philosophy  had 
flourished  in  the  seventeenth  and  eighteenth  centuries, 
and  leavened  the  whole  of  European  thought,  but  in  the 
beginning  of  our  period  we  find  neither  represented  by 
any  great  schools.     The  great  discoveries  in  science  be- 
longed to  individual  names,  who  frequently  stood  iso- 
lated ;  the  organisation  and  protection  which  science  could 
boast  of  in  France  was  then  imknown  in  England ;  into  g^^^ 
popular  thoi^ht  it  hardly  entered  as  an  element  at  alL  Kfi^J^^ 
Metaphysics  bad  not  recovered  from  the  blow  which  tu^t^M^ 
David  Hume  had  struck,  and  speculation  was  confined  ^i^" 


b,GoO(^lc 


UieecDtDiy. 


76  INTHODOCriON. 

almost  eiitirel7  to  the  novel  field  of  social  and  economic 
probleiDB.  But  against  this  there  was  a  young  growth 
of  ideas  springing  up  in  the  poetic  literature  of  the 
nation.  It  ia  the  freshness  of  individual  thought  as 
clothed  in  the  poetic  language  of  Shelley  and  Words- 
worth, maturing  and  deepening  in  the  works  of  Tennyson 
and  Browning,  which  strikes  us  as  the  most  original  phase 
of  English  thought  in  this  century,  whether  we  compare 
it  with  Continental  thought  of  the  same  period,  or  with 
English  thought  of  the  previous  ^e. 

And  lastly,  we  m^ht  be  tempted  to  make  the  great 
work  of  the  greatest  mind  of  the  early  part  of  our  period, 
uim^tof  Goethe's  '  Faust,'  the  centre  and  banning  of  our  survey, 
singling  it  out  as  a  comprehensive  embodiment,  as  the 
classical  expression  of  nineteenth -century  doubts  and 
aspirations,  leading  us — if  we  try  to  underatand  it — 
now  into  the  bewildering  labyrinth  of  philosophy,  now 
into  the  cheerful  expanse  of  natural  science,  and  ^ain 
into  the  hidden  depths  of  individual  life,  of  religions 
faith  with  its  mysteries  of  sin  and  redemption. 

But  from  whatsoever  point  we  may  start  on  our  journey, 
from  whatsoever  easily  reached  eminence  we  may  cast  a 
first  eager  glance  across  the  wide  country  which  we  wish 
to  explore,  there  is  one  feature  which  impresses  itself 
alike  upon  our  minds  from  the  very  beginning.  It  is  not 
a  country  of  repose  and  restfulness,  of  healthy  industay 
and  quiet  work,  of  gradual  development,  of  ripening 
crops,  of  sowing  or  ingathering ;  it  does  not  present  the 
aspect  of  a  happy  division  of  labour,  of  successful  co- 
operation, of  peaceful  regulation  of  employment.  It  looks 
more  hke  a  land  which  has  lately  been  disturbed  by 
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great  elemental  forces,  heaved  up  by  an  earthquake  or 
visited  by  a  destructive  storm.  We  see  some  persons  em- 
ployed in  filling  up  great  breaches  and  recently  made  rents, 
others  trying  to  lay  new  foundations ;  others  a^in  are 
fighting  for  their  possession  or  trying  to  divide  a  disputed 
territory ;  even  the  peaceful  workers  are  called  out  to  help 
in  the  battle,  or  disturbed  by  the  complaints  of  t^eir 
neighbours,  on  whose  ground  they  are  trespassing  un- 
awares, whose  foundations  they  are  unconsciously  imder- 
mining.  If  we  inquire  into  the  cause  of  this  unrest  and 
anxiety,  which  seems  to  be  a  feature  common  to  nearly 
all  the  phases  of  nineteenth-century  thought,  we  must 
look  bock  to  the  a^  which  immediately  preceded  it.  It 
is  the  storm  of  the  revolution  which  passed  over  Europe, 
and  shook  to  the  foundation  all  political  and  social  in- 
stitutions, that  has  likewise  affected  our  ideas  and  thoughts 
in  every  direction.  The  period  we  refer  to  has  thus  not 
incorrectly  been  termed  a  century  of  revolution.  If  in  ». 
spite  of   this  I  decline   to   consider  nineteenth -century  contncy 

'  '    thought 

thought  as  essentially  revolutionary,  it  is  because  the  »"  ""in- 
work  of  destruction  belongs  in  its  earlier  and  more 
drastic  episodes  to  the  preceding  a^e.  The  b^inning 
of  our  period  witnesses  everywhere  the  desire  to  recon- 
struct, either  by  laying  new  foundations  or  by  revertii^ 
to  older  forms  of  thought  and  life  which  it  tries  to 
support  by  new  arguments  or  to  enliven  by  a  fresh  in- 
terest and  meaning.     We  may  say  that  the  thought  of       to. 

....  .  ....    Thmghlof 

the  century  m  its  practical  bearings  is  partly  radical,  !i^""4p' 
partly  reactionary, — meaning  by  the  former  all  those  JJitfiS''' 
constructive  attempts  which  try  to  go  to  the  root  of  *'^' 
things  and  to  build  up  on  newly  prepared  ground;  by 
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the  latter  all  those  endeavours  which,  clinging  to  his- 
torical institutioDB  and  beliefs,  aim  at  finding  the  tnith 
and  value  which  are  in  them,  and  the  peculiar  importance 
which  they  may  have  for  the  present  day.     The  work  of 
deetruction  is  indeed  still  going  on ;  in  the  midst  of  this 
conatructive  or  reconstructive  work  we  etill  witneM  the 
Bi.       workings  of  the  revolutionaiy  spirit     The  healthy  new 
wiSd^"'     '*^®  which  Bums,  "Wordsworth,  and  Coleridge  infused  into 
ooiS'dm^    English  poetry  at  the  beginning  of  our  period  was  dis- 
ui'tfBranS'  turbed  in  its  quiet  growth  by  the  revolutionary  spirit  of 
the  Byronic  school.     The  new  thought,  which  grew  up  in 
Kant's  philosophy  and  the  idealistic  school,  degenerated  in 
its  further  development  into  a  shallow  materialism  and 
a  hopeless  scepticism.     But  none  of  these  destructive  in- 
fluences, however  passingly  interesting   they  may  have 
been,  seem  to  have  struck  out  any  new  line  of  thought. 
St.       Whoever  wishes  to  study  the  anniments  by  which  social 

DmtTuctlve  .<  o 

npiriiin  order  was  subverted  and  cherished  beliefs  destroyed  will 
cm'tSy ""  ^^^  them  brilliantly  and  consistently  expounded  in  the 
writers  of  the  eighteenth  century,  from  which  many 
nihilists  of  our  age  have  drawn  their  inspiration.  This 
is  not  the  task  which  I  have  in  view.  It  has  been  per- 
formed in  our  time  by  many  writers  of  great  eminence. 
Nor  do  I  intend  to  describe  the  courses  which  governments 
and  politicians  have  taken  in  dealing  with  the  legitimate 
demands  of  the  people,  such  as  a  hundred  years  ago  found 
a  memorable  expression  in  the  American  Declaration  of 
Independence,  and  an  ex^gerated  one  in  the  cry  of  the 
French  Bevolution,  Only  to  a  small  extent  has  the  ideal 
of  that  great  movement,  as  it  lives  in  the  mind  of  many 
a  democratic  leader,  been  realised  in  our  century.     In 
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moet  European  countries  the  work  of  national  unification 
and  consolidation,  and  the  struggle  for  political  indepen- 
dence, have  retarded  internal  reforms ;  nor  have  theorists 
been  able  to  ^ree  in  what  form  of  social  organisation 
liberty  and  equality  could  consistently  live  side  by  side. 
Their  teaching  must  indeed  command  special  attention 
as  one  of  the  many  forms  of  the  philosophic  thought  of  '"t  th"^ 
the  age ;  but  a  wide  gap  separates  theory  from  practical  " 
politics,  which  have  been  lai^ly  occupied  with  wars  and 
diplomatic  feats,  or,  when  tfaey  really  dealt  with  social  prob- 
lems, have  had  to  be  content  with  awkward  compromises 
between  prejudices  and  institutions  of  bygone  f^s  on  the 
one  side,  and  legitimate  demands  for  freedom  on  the  other. 
Though  much  practical  thought  and  much  labour  have 
been  spent  in  achieving  even  these  moderate  results,  I  feel 
that  they  really  fall  outside  of  my  pr<^ramme.  Wherever 
either  science  or  philosophy  steps  out  of  the  quiet  r^oos 
of  the  study,  the  lecture>room,  and  the  laboratory,  or 
wherever  religious  faith  leaves  the  secret  recesses  of  the 
believing  soul  to  solve  the  problems  of  life  or  to  perfoim 
the  work  of  the  day,  the  line  is  crossed  which  I  have  felt 
obliged  to  draw  around  the  following  sketch.  Not  that  I 
do  not  recognise  this  borderland,  where  the  spirit  subdues 
matter,  where  thought  becomes  useful,  where  the  idea 
attains  reality,  this  field  of  strife  and  endeavour,  of  patient 
toil  and  slow  victory,  as  by  far  the  moet  important  subject 
of  history,  and  as  that  in  which  our  age  has  probably  ex- 
celled  every  earlier  period.  But  an  account  of  this  side  of 
nineteenth-century  life  could  ill  afi'ord  to  limit  its  view  to 
the  three  principal  countries  of  the  Old  World.  For  where 
are  discovery  and  invention  at  this  moment  more  at  home 
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than  in  America;  where  have  political  theories,  the  original 
rights  of  man,  the  ideas  of  liberty,  equality,  and  brother- 
hood, been  more  widely  put  to  the  test ;  where  have  reli- 
gious beliefs  entered  into  closer  contact  with  the  work  of 
the  day ;  or  where  in  our  age  has  the  simple  rule  of  early 
Christianity  been  more  successfully  put  into  practice  ? 
An  account  of  the  application  of  thought  taken  merely 
from  our  European  experience,  where  half  our  endeavour 
must  always  be  spent  in  clearing  away  obstacles,  in 
removing  the  dSris  of  antiquated  institutions,  in  over- 
coming prejudice,  or  battling  with  evils  which  have  grown 
to  uncontrollable  magnitude,  would  give  us  but  a  poor 
notion  of  the  infiuence  of  thought  over  material  circum- 
stances, and  a  very  exa^erated  one  of  the  inertia  of  the 
14.        mechanism  of  older  societies.     With  the  worh  of  the  in- 

Thl»  i»  not  ,  1      1  ■  -.  1  1 

■  witofy  of  ventor,  the  practical  statesman,  or  the  lawgiver,  I  have  thus 

invention  >         r  o         ' 

Si'aSittal*  nothing  to  do  at  present;  only  in  cases  where  practical 
problems  have  immediately  reacted  upon  scientific  research, 
or  where  social  questions  have  given  rise  to  special  theo- 
ries, shall  we  be  compelled  to  cast  a  glance  outside  of  the 
inner  world  of  thought  into  which  I  invite  my  readers  to 
retire. 

This  inner  world  has,  indeed,  not  been  all  rest  and  peace 
and  quiet  development.     No  age  has  been  so  rich  in  rival 
theories,  so  subversive  of  old  ideas,  so  destructive  of  prin- 
ciples which  stood  firm  for  many  ^es,  as  ours.     It  is  not 
my  intention  to  emphasise  this  critical  or  radical  tendency 
S"**"?!!*"   Daore  than  is  necessary.     True  to  the  original  view  which  I 
^l^'JJi"    have  already  expressed,  I  intend  to  look  upon  thought  as 
In"t«'d'o-      a  constructive,  not  a  destructive  agency ;  on  the  world  of 
attitude.       ideas  as  a  positive  acquisition,  not  as  a  mere  counterpart 
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or  shadow  of  material  existence.     Though  denuuidiiig  for 

its  growth  an  outer,  atimulus,  and  unable  to  proceed  very 

far  without  external  correctives,  I  nevertheless  maintain 

that  the  human  mind  in  its  individual  and  collective  life 

encloses  an  independent  source  of  reality  which  contact 

with  outer  things  and  thought  in  all  its  various  forms 

has   to   reveal,  to  preserve,  and   to   develop.     To  what 

extent  this  has  been  done  in  our  century  is  the  question 

I  propose  to  answer.     With  this  object  in  view  I  shall 

try  to  gather  my  observations  and  my  narrative  around 

the  prominent  and  novel  constructive  ideas  which  have 

sprung  up  in  the  course  of   the  century,  not  omitting 

the  great  development  which  the  purely  formal  side  of 

thought,  the  method  of  research,  has  imdergone.     Such 

constructive  ideas  are  those  of  energy,  its  consei'vation 

and  dissipation ;  the  doctrine  of  averages,  statistics,  and 

probabilities ;  Darwin's  and  Spencer's  ideas  of  evolution        m. 

in  scieuce  and  philosophy :  the  doctrines  of  individualism  spaDosr-i, 
r  e   J  '  anij  Lota', 

and  personality,  and  Lotze's  peculiar  view  of  the  world  JS;^^"'" 
of  "values"  or  "worths,"    Around  these  centres  of  thought 
duster  the  many  critical  oppositions,  the  great  contro- 
versies of  radical  or  conservative  opponents.     As  regards 
these,  I  shall  welcome  all  radicalism  which  lays  bare  the       t?. 
roots  of  our  ideas,  which  delves  deep  into  the  ground  sort  of  nuu- 
of  our  opinions  and  principles,  or  which  points  out  new 
methods  by  which  we  may  test  the  correctness  and  con- 
sistency of  our  axioms.     As  such  I  consider  the  spirit 
infused  by  Kant  into  all  modern  thought.     That  other 
radicalism,  which  merely  roots  up,  which  destroys  with- 
out building,  which  fails  to  find  any  ground  of  certainty, 
simply  because  human  thought  and  observation  may  after 
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all  be  a  delusioD, — thia  kind  of  radicaliem  I  Bhall  try  to 
paas  over  as  meaningless.  And  equally  meaningless 
appear  to  me  those  opposite  conservative  tendencies 
which  merely  annul  prepress,  which  shut  out  the  day- 
light, and  preach  the  doctrine  of  inertia.  But  this,  again, 
vill  not  prevent  me  from  recognising  the  real  gain  and 
interest  which  belong  to  some  reactionary  movements, 
such  as  lay  at  the  bottom  of  BomanticiBm,  with  its  love 
of  the  past,  its  artistic  idealisation  of  the  childhood  of 
mankind,  of  aspects  of  life  in  their  infancy  and  primitive- 
ness,  with  its  study  of  medieevalism  and  itfi  more  sober 
historical  tastes.  I  shall  endeavour  always  to  ask  what 
addition  to  the  great  stock  of  human  ideas  has  resulted ; 
what  gain  we  have  to  register;  convinced  that  every- 
thing that  lives  must  grow,  increase,  and  multiply :  and 
what  can  be  more  living  than  Thought  ? 

But  although  the  school  of  Critical  Thought  in  Kant, 
and  the  Eomantic  school  as  centred  in  Walter  Scott  and 
the  German  Komanticists,  are  in  time  almost  the  first 
intellectual  phases  of  the  century,  they  will  not  in  the 
beginniiig  command  my  special  attention,^ 


of  thought  in  the  Gnt  Tesra  of  tbe  ceotur]',  I  place  here  a  careful); 
oelected  lUt  of  dal«8.  They  refer  to  eventa  or  publicatiooH  nhicb  mark 
epoch*  or  imporMDt  Btoge*  in  the  hutory  of  thought.  Of  specificallf 
teitntifie  importAUce  Kt — 

179S.  Laplace's  '  Ezpoaitian  du  Syittee  du  Honde.' 

17S9.  (2  voU.)— 182&.     Laplace'a'M^niqua  create.' 

ITBB.  Legeudra'a 'Thioriedea  Nombrea.' 

ISOl.  Oauaa'a 'DiaquiutiuDM  Arithmeticie.' 

ISOl.  Piazri  diacovera  and 

1802  Olbera  reducovera  the  firet  of  the  minor  planets,  "  Cerea,"  being 
aaaiated  by  Oauaa'a  new  methoda  of  otlculatioD,  which  were 
publiahed  in  exiento  Id 

1809.  Oauaa'a 'TheoTiamotuBoorporumccEleatium.' 
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ThoQgh  somewhat  later  in  point  of  time  than  they,  the 
school  of  exact  research  seems  to  have  become  the  more 
generally  recognised  agent  in  nineteenth-century  progress. 

IS09.  Lkmarck'a 'Fhiloaophie  zoologique.' 

17B9.  Volta  constructa  hi*  fint  electric  pile,  and  tuinouiice*  tbi*  in 

1800  to  Sir  Jowph  Bank& 

Id  chemiitry  the  eftrlj  years  of  the  century  brought  nuoy  of  Gsy- 
Liuaac'i  importuit  Hemoirs,  in 

1801  Hniiiphi;  Dftvj  publiihei  the  firrt  of  bis  electro-chemictl  dia- 

coveriei,  and 
18D2-3  BerseliuB  publiihe*  bit  owe. 

1803.  Bertbollet's  '  Eawi  de  Statique  cbimique.' 

1810.  John  Dalton'a  '  New  System  of  Chemical  Pbiloaophy.' 

ISOl.  Tbumaa  Young  anooUDceB  to  the  Royal  Society  W  belief  in  tbe 

uadulatory  theory  of  light,  which  during 
1802,  3,  and  4  be  lubatantiatea  further  in  bia  papen,  and  fully  expound! 

1802  and  following  years  in  his  lecturea  to  tbe  Royal  Inatftution. 
180B.  llalua  announces  bia  discovery  of  the  polariaation  of  light  through 

reflection. 
1802.  ChUdui'a  '  Akuatik.' 

Count  Rumford'i  papers,  which  laid  the  foundation  of  tbe  n 

explanation  of  heat,  belong  U>  the  end  of  the  laat  century,  and  in 

1799    H.  Davy  publishes  his  equally  important  'Essay  on  Heat,  Light, 

4c' 

1800.  Bichat's  '  Heoherche*  phjMologiquee,' 

1801.  Bicbat'*  '  Anatomic  gen^rale. ' 

17tl9.1804.  Aleiauder  von  Humboldt  travels  in  America,  and  lays  by 
hia  ofaeervatioDS  the  foundation  of  tbe  scieQcea  of  physicM 
geography  and  meteorology. 

For  the  hiatory  of  the  jsAiloMpAiaumovement  of  thought  the  years 

1793-1806  witnewed  in  Oermany  the  great  development,  expao^on,  and 
criticism  of  Kant's  ideas  in  the  wrings  of 

17S3    Schiller,  '  Briefe  fiber  listbetische  Erziehung.' 

i;9S.  Schiller,  '  tl^ber  naive  und  sentiuientalisehe  Diohtung.' 

1797.  Fiohte,  '  Wissenscbaf telehre,' 

1797.  Scbelling,  '  Naturphilosophie.' 

1503.  Scbelling, 'TranBcendentalerldealiamua.' 

1799.  Schleiermacher,  'Reden  iiber  die  Religion.' 

1800.  Schleiermacher,  'Honologen.' 
1799.  Herder,  'Hetakritik,' 

YiW.  Jacobi,  '  Offener  Brief  an  Flchte.' 

1804.  Hegel,  '  Pbauotnenotogie  de»  Qeistea.' 
In  France — 

1504.  Destutt  de  Tracy's  'Idfologie'  repreaenta  the  reigning  pbilo- 

aophy, and 
1808    Hwne  de  Biran'a  '  M  jmoire  )ut  I'Habitude '  the  beginning  of  the 
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To  it  are  due  the  great  chaoges  in  erery  department  of 
scieDce,  of  life,  and  probably  also  of  literature  and  art, 
the  great  inventions  and  the  great  conflicts  of  our  age. 
Science  has  not  only  very  largely  influenced  our  ideas, 
it  has  also  by  its  applications  altered  the  external  fftce 
of  the  world  we  live  iu.  It  is  therefore  simply  a  tribute 
to  the  popular  view,  and  a  desire  to  start  from  some 
striking  and  generally  conceded  position,  if  I  select  the 
t».       scientific  movement  of   ideas  aa   the   first   with   which 

BcIflutiQc 

rj^™'«    I  have  to  deal.     How  has  it  spread  in  the  course  of 

•red  tat     fjjg  century  ?     From  what  beginnings  and  through  what 

influences  ?    What  are  its  principles  and  methods  ?     How 

have  they  themselves  changed  and  developed  ?     What 

has  it  led  to  7     These  are  some  of  the  questions  which 

1603    '  Life  utd  Writings  of  Thomas  Beid '  repreieiit  the  predominant 

Scottish  philosopliy,  and 

1801  Thomoa  Browo,  '  Inquirr  into  the  Heletion  of  Cause  and  Effect,' 

the  beginningB  of  theliiter  SHsociatioDoliit  achool.  At  theaame 
period  Jerem;  Bentham's  inSuence,  which  cannot  be  reduced  to 
■peci&l  dates,  had  alread3r  acquired  European  if  Dot  world-wide 
importance.  His  long  life  (1718-1SS2)  wtu  contemporary  with 
Goethe's  (1749-183S),  whose  '  Faust'  was  given  to  the  world  in 
BucceesiTe  stages  between  the  years  1790  and  1832. 

1794.  Thomas  Paine'e 'Age  of  Reason.' 

1798.  Malthus's  'Principlea  of  Population.' 

Literary  criticUm  started  on  a  new  era  and  extended  its  influence  in 

1802  through  ihe  'E<linburgh  Review,'  and 

laOS    the  '  Quarterly  Review  ' ;  in  Qermany  somewhat  earlier  in 
1794    Schilkr'i  'Horan.' 

1797.  Schiller  and  Ooethe's  "  Senien  "  in  the  '  Husenalmanach.' 

1798.  Schlegel's  '  AthsDiDUm.' 

1802.   A.  W.  V.  Schlegel's  Berlin  lectures. 

The  Romantit  Khocl  of  fictinn  dales  in  Qerinany  from  1768,  when 
Frederick  Schlegel  uses  Che  term  for  the  first  time  as  chaiKcteristic  of 
s  new  departure  in  his  review  of  Goethe's  '  Wilhehn-Meister '  ('  Atheneeum,' 
vol.  i. )  A  literary  movement  with  frequently  similar  aims  and  charac- 
teristics is  represented  in  this  countty  hy  Walur  Scott  ("  Lay  of  the  lASt 
Minstrel,"  1805),  Southey  ("  Tbalaba,''  1802),  and  Coleridge  ("  Christabel," 
1800),  and  spreads  later  into  France.  As  the  great  source  of  the  new 
and  original  jnetie  inspiration  of  nineteenth -century  poetry  we  have  the 
"  Lyrical  Ballads,"  179S,  and  besides  '  Faust,'  the  other  principal  works  of 
Ooetbe  and  Schiller  (died  180S). 


b,Goo(^lc 


INTRODDCTION.  85 

1  shall  try  to  answor  aa  concisely  as  poBsible.  This 
selection  does  not  commit  me  to  any  theory  on  the 
valae  of  the  scientific  view  as  compared  with  other 
aspects.  Such  theories  will  have  to  be  dealt  with  in  a 
later  portion  of  the  work.  They  have  epnmg  up  in  the 
course  of  the  last  hundred  years,  partly  as  the  inevitable 
outcome  of  scientific  prepress  itself,  partly  in  the  educa- 
tional world,  where  a  reaction  has  set  in  gainst  the 
undue  importance  which  former  generations  attached  to 
classical  learning  and  training.  I  need  not  at  present 
do  more  than  note  these  opinions,  nor  need  I  define 
my  position  with  regard  to  Comte's  celebrated  poaitivist 
theory  on  the  advancing  stf^es  of  the  human  intellect. 
Curiosity  and  the  consensus  of  popular  opinion  suffice 
for  the  moment  to  make  me  take  up  the  scientific  aide 
of  the  thought  of  the  ^e.  Aa  we  proceed,  other  directions 
and  movements  will  present  themselves,  and  the  inter- 
dependence of  all  human  interests  will  reveal  and  explain  401 
what  truth  attaches  to  Hegel's  celebrated  doctrine  of  the  tH^o'th! 
inherent  dialectic  of  ideas,  the  spontaneous  development  <<«veian- 
of  thought  *^^*- 
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CHAPTER    I. 


THE  SCIENTIFIC   SFISIT   IK   FBANCE. 


It  will  be  generally  admitted  that  the  scientitic  epirit  ia  i. 
a  prominent  feature  of  the  thought  of  our  century  as  the»d«iu7c 
compared  with  other  agea.  Some  may  indeed  be  in- 
clined to  look  upon  acience  as  the  main  characteristic 
of  this  age.  The  century  may  thus  be  called  with  some 
propriety  the  scientific  century,  as  the  last  was  called  the 
philosophical  century,  or  as  the  sixteenth  was  termed  the 
century  of  the  Eeformation  and  the  fifteenth  the  century 
of  the  Senaissance.  It  is  therefore  natural  that  we  should 
begin  our  study  of  the  thought  of  the  age  with  an  ex- 
amination of  this  side  of  modem  culture. 

It  is  not  necessary  to  define  what  I  mean  by  science.' 


'  Th*  uM  of  tha  word  acieDOB 
sad  iu  >cljectj*e  ■dentite  hu 
varied  conriderably  in  th*  Eogliih 
Uagiuge.  W«  mutt  w»it  for  Dr 
Marraf'a  tfrttA  work  to  give  u>  b 
luwtot?  of  the  word.  I  venture  to 
unrt  tlut  it  acquired  it*  preaeot 
definite  meuing  about  the  time  of 
the  fomwtion  of  the  British  Amo- 
ciation  for  the  AdvitnoetDMit  of 
Scieoce  (1SS1).  The  two  other 
greftt   orgftniuitioDB  which  profet- 


■edly  lUrted  (or  the  culture  of 
wb&t  we  now  tM  acience  —  vti., 
the  Rofal  Society  for  the  Improve- 
ment of  NatunU  Knowledge,  and 
the  Itoj»l  InatituUon — did  not  UM 
the  word  official];  in  their  chiuter 
or  title,  although  it  ia  uaed  tre- 
quentlj  in  the  document*  and  cor- 
reapondence  connected  with  the 
fouudfttiou  of  the  younger,  and 
occaaionally  in  thoee  Tvferring  to 
the  older  Society-    The  Boyal  So- 
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Schools  and  colleges  of  science,  triposes,  examinatiooB, 
and  degrees  ia  science,  have  established  a  popular  mean- 
ing which  did  not  exist  a  hundred  years  ago,  but  which 
ie  now  well  understood.  For  my  purpose  it  is  of  some 
interest  to  note  that  the  meaning  of  the  word  in  French 
is  somewhat  different,  and  that  the  word  Wissenachafl^ 


eietf,  and  ■ometimea  the  Rofkl 
loatitution,  lua  the  word  "pbilu- 
■ophy  "  m  formal  and  official  atsM- 
ments  of  their  object.  Thi>  ia  in 
aooordance  with  older  Eogliah 
tiuge.  What  we  now  unirerully 
oil  Bcience  wu  not  infrequently 
termed  in  the  seventeenth  century 
oatunl  knowledge,  and  Bacon  bim' 
self  tranilatei  teitntia  by  "know- 
ledge," by  "learning,"  and  aome- 
timea  by  "eciencea."  In  Franco, 
on  Ui<  other  hand,  the  word  "aci- 
4Dce "  seema  to  bave  acquired  ita 
preaent  meaning  aa  tar  back  aa  the 
middle  of  the  aeieDteenth  oentury. 
At  the  time  of  the  foundation  of 
the  "Acad^mie  dee  Sciaucea,"  in 
16S6,  the  word  waa  need  almoat  in 
the  a*me  leaae  —  embracing  the 
aame  aeparate  departments  of  know- 
ledge— as  the  word  "■cieDce"ienuw 
used  in  this  country  when  we  apeak 
of  a  college  of  science.  In  France, 
so  tar  sa  I  am  aware,  a  cultivator 
of  acieuM  has  never  been  called  a 
pbiloBopher.  Science  and  ptuloe- 
ophy  have  there  never  been  aynony- 
mous.  But  science  in  France  has 
been  made  to  cover  a  larger  field 
of  knowledge  by  auch  adjectives  aa 
"  moral,"  "aocial,"  "political,"  and 
hae  been  narrowed  by  such  other 
adjectivea  aa  "exact"  and  "natural," 
in  the  same  way  aa  the  word  philo- 
sophy baa  been  more  strictly  defined 
in  the  EuRliab  language  by  the  ad- 
jectives "  natural,"  "eiperimenlal." 
"moral,"  "mental,"  4c  At  the 
head  of  the  sciences  in  France  stood 
"  mathematica,"  at  the  base  of  the 


new  philoeophy  i 
1  The   1 


England  stood 
mt  ana  "  obeervalion. " 
rord  Wi*ten»ehaft  hat  a 
much  wider  meaning  than  science 
in  the  modem  sense,  and  ia  the 
literal  translation  of  the  lAtia 
acMntio.  It  means  knowledge  in 
a  systematic  form  and  connected 
by  aome  method.  What  the  French 
call  teienet,  the  Qermana  call  CEocte 
WUttntcht^.  Thia  includes  mathe- 
matics and  NattincUttniehitft,  which 
covers  the  ground  covered  by  the 
word  "sciences  "  in  English.  The 
word  WittenKhafl  plays  an  import- 
ant part  in  Qermaa  culture,  aa  we 
shall  gee  later  on.  The  modem 
term  "acientjst"  ia  about  aynony- 
moua  with  the  word  Naturjbrtcher 
in  German.  The  word  mvant  in 
French  has  no  synonym  in  English, 
but  is  about  equivalent  to  the  Urea 
OdthrUr  in  Oemian ;  and  this, 
again,  is  partially  translated  by 
"scholar"  in  English.  I  suppose 
"man  of  science  and  "aoho^" 
together  would  he  about  covered  by 
either  lamnt  or  QeUhrter.  Those 
who  desire  to  study  the  older  and 
modem,  the  English  and  foieign. 
uses  of  the  word  sdenoe  and  otbci 
kindred  terms,  should  read  Bacon'- 
English  writings;  Weld's  'Hiator}' 
of  the  Eoyal  Society '  {1848,  vol.  L) ; 
Benoe  Jones's  'The  Royal  Institu- 
tion'(lB71);  Ltfon  Aueoc's 'L'lnati- 
tut  de  France '  ( Paris,  ]88S);Alfred 
Maury,  '  Les  Acad^miea  d'autretois' 
(vol.  L,  Paris,  18S1)  ;  and  tbe  oor- 
reapondence  in  connection  with  the 
foundation  of  the  British  Assoda- 
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by  which  Bcience  is  translated  into  German,  requires  a 
qualification  in  order  to  cover  approximately  the  same 
ground.  These  verbal  differences  point  to  differences  of  t. 
thought  Only  since  Continental  ideaa  and  influences  f^s'j''' 
have  gained  ground  in  thia  country  has  the  word  science 
gradually  taken  the  place  of  that  which  used  to  be 
termed  natural  philosophy  or  simply  philosophy.  One 
reason  why  science  forme  such  a  prominent  feature  in 
the  culture  of  this  a^  is  the  tact  that  only  within  the 
last  hundred  years  has  scientific  research  approached  the 
more  intricate  phenomena  and  the  more  bidden  forces 
and  conditiona  which  make  up  and  govern  our  everyday 
life.  The  great  inventions  of  the  sixteenth,  seventeenth, 
and  eighteenth  centuries  were  made  without  special 
scientific  knowledge,  and  frequently  by  persons  who 
possessed  skill  rather  than  learning.  They  greatly  in- 
flaenced  science  and  promoted  knowledge,  but  they  were 
brought  about  more  by  accident  or  by  the  practical  re- 
quirements of  the  age  than  by  the  power  of  an  unusual 
ina^ht  acquired  by  study.'     But  in  the  course  of  the  last 


tion  ID  Dr  Wbewell's  '  Writings  bhiI 
ComapondeDce '  by  Todhunter  (2 
T6lt^  London,  1678).  I  believe  tbe 
word  pbiloaophf  bat  loat  the  specific 
meaiuDg  nhich  it  acquired  in  the 
BMamian  scbool,  m  much  through 
tbe  influonce  of  French  science  on 
IIm  one  side  M  through  that  of 
mMaphjriM  on  the  other.  The 
Utter  emulated  from  Seotland,  and 
from  Germany  through  Coleridge. 
It  reinatated  tbe  word  philosophy 
in  iu  original  seDse. 

^  Example*  are  plentiful.  Not  to 
■peek  oif  gunpowder  and  printing, 
which  came  earlier,  we  have  l»t«r 
nearly  all  the  great  improvemente 


coiuieGt«d  with  the  manufacture  of 


ling-roller,  inreoted  by  men 
of  little  or  no  icientiSc  education. 
The  same  ii  the  case  with  the 
older  metallurgical  proceesea,  the 
refining  of  copper  and  the  iotro- 
duotion  of  cast .  iron.  Watt  was 
one  of  the  flnt  who  brought  a 
trained  intellect  to  his  mechan- 
ical work.  The  Royal  Society  was 
started  with  the  distinct  purpoee 
of  Dultirating   lUch  knowledge  as 


of  Dultirating   lUc 

baa   "a    tendency 

Boyal  Institution  etill  more  eo. 

ia,   however,  atill  doubtful,   vi 
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hundred  years  the  sciestific  investigatioa  of  ehemieal  and 
electric  phenomena  has  taught  us  to  disentangle  tbe 
intricate  web  of  the  elementary  forces  of  nature,  to  lay 
bare  the  many  interwoven  threads,  to  break  up  the  equili- 
brium of  actual  existence,  and  to  bring  within  our  power 
and  under  our  control  forces  of  undreamed-of  magnitude. 
The  great  inventions  of  former  ages  were  made  in  countries 
where  practical  life,  industry,  and  commerce  were  most 
advanced ;  but  the  great  inventions  of  the  last  fifty  years 
in  chemistry  and  electricity  and  the  science  of  heat  have 
been  made  in  the  scientific  laboratory :  the  former  were 
stimulated  by  practical  wants ;  the  latter  themselves  pro- 
duced new  practical  requirements,  and  created  new  spheres 
of  labour,  industry,  and  commerce.  Science  and  know- 
ledge have  in  the  course  of  this  century  overtaken  the 
march  of  practical  life  in  many  directions.^     A  confused 


ing  the  butory  of  the  lesmed 
■ocieties  u  w«ll  aa  tha  rue  caaes  in 
vhich  highmt  Miaotific  geaiui  is 
allied  with  practical  akill  in  the 
Mme  person,  whether  the  cultiv*- 
tion  of  research  for  its  own  sake 
should  not  preferably  be  kept  dis- 
tinct from  it«  hut;  application. 
This  ia  tbe  view  held  by  many  great 
tbinken  abroad.  In  England  the 
oppoeite  view  has  frequently  im- 
peded the  progreBi  of  pure  icieace. 
*  A  few  exBDiples  may  suffice. 
The  discovery  by  Oereted  and  Am- 
pere of  EJectraiDsgneUaiD  (ISIS, 
1820)  led  at  once  to  the  idea  of 
electrical  tel^rephj  ;  tbe  Erst  tele- 
graph over  considerable  distance* 
was  constructed  by  Oauu  and 
Weber  (ue  '  Willielm  Weber,' 
Breslau,  ISBS,  p.  26,  Ac.)  The 
artificial  preparation  of  an  organic 
aubetanoe  by  Wbhier  in  1628  led  at 
onoa  to  many  attempt!  at  prepar- 
ing eipensive  organic  campoiinds — 


espedally  medical  substances— by 
chemical  ayntheais.  The  occupa- 
tion with  this  prabletn  under  A.  W. 
Hofmann's  instructioDB  led  Perkia 
in  18Ii6  to  the  discovery  of  the  first 
anilin  colour  (Hauveln,  see  'Ber- 
icbte  der  deutAchen  chemischen 
Oeeeliiicbaft,'  No.  17,  p.  S391). 
Leblanc's  discovery  how  to  make 
carbonate  of  soda  from  aalt,  for 
which  a  price  bad  been  offered  by 
the  Paris  Academy  under  Napoleon, 
led  to  the  enonnoua  development 
of  the  aulpburia  acid  industry  in 
England  and  on  the  Cootinent- 
Liebig  foretold  in  1S40  the  recovery 
of  sulphur  from  the  wait«  of  chemi- 
cal works  and  the  tSect  on  the 
■ulphur  mines  of  Sldl;,  fifty  years 
before  this  proceai  was  satjsf  actorily 
carried  out  (tee  Liebig'i  familiar 
■LettarsoD  Chemistry,' let  ed.,1643. 
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picture  of  this  latest  stage  of  culture  lived  in  the  pro-  ,  *■  ^ 
phetic  but  esaeatiallj  uuscieatific  mind  of  Lord  Bacon.  i*riiB«con. 
But  he  did  not  sufficiently  allow  for  the  amount  of  patient 
scientific  toil  that  was  needed,  nor  for  the  time  which  the 
preparation  of  the  instruments  of  research  would  require, 
nor  for  the  necessity  of  destroying  existing  superstition 
and  accumulated  errors.  All  that  has  since  been  done  by 
Newton  and  the  great  Continental  mathematicians  in  the 
former,  and  by  Bayle  and  Voltaire  in  the  latter  sense, 
Bacon  had  hoped  to  achieve  at  once  by  the  new  philo- 
sophy of  fruit  and  pn^ress.  Such  expectations  were 
inevitably  doomed  to  disappointment,  though  posterity 
has  made  amends  by  all  but  universally  referring  to  him 
as  the  pioneer  of  modem  thought, — as  the  herald  of  a 
new  era  of  human  civilisation.' 


making  ortificUlly  the  fertiliaing 
compounds  required  in  cununon 
■griculture  nhich  followed  on  the 
publication  of  Liebig'i  femouB  work 
on  '  Cbemutr;  in  its  BpplicatioDB 
to  Agriculture  and  Fhyuology '  in 
1S40  {Me  Hofmann's  Faraday 
Lecture  of  187S,  'The  Lifework  of 
Liebig,'  p.  15,  ka.)  Liebig  also 
discovered  and  described  in  18B2 
the  properties  of  chloroform  aod 
chlanl,  fifteen  yean  before  Simpeon 
introduced  the  Gnt  as  an  aniGSChetic 
and  tirenty  years  before  Oscar 
Liebreicti  discovered  the  physiolog- 
ical actioD  of  chlorsl  (ibid.,  p.  101, 
kc)  Sir  Lowihian  Bell  calculated, 
many  yeare  before  the  invetitiOD 
of  Uie  eo-eal]ed  basic  process  of 
makiDg  steel,  the  fertjliung  value 
of  the  pboaphorus  which  was  cod- 
Uined  in  the  ironstone  of  Clere- 
Und,  and  which  then  made  it  lue- 
Icaa  for  the  manufacture  of  high- 
clan  iron  and  steel-  The  great 
nvolution  in  the  theory  of  the 


steam-engine  embodied  in  the  work 
of  Hacquorn  Bankise  is  to  be  traced 
back  to  the  patient  measurements 
by  Joule  of  the  mechanical  equiva- 
leot  of  heat. 

'  A  great  controversy  arose  on 
this  subject  through  the  publica- 
■  tion  of  Liebig's  pamphlet  in  1882, 
entitled,  '  Fnuicis  Biicon  von  Veru- 
lam  und  die  Methods  der  Natur- 
forsohung.'  It  was  directed  mostly 
against  Uie  exa^erated  view  taken 
by  Macaulay  in  rde  celebrated  eeeay. 
The  fact  is  that  Bacon,  like  Vol- 
taire after  him,  was  much  more 
of  an  easayist  and  a  man  of  the 
world  than  a  patient  labourer  in 
any  special  field  of  research ;  he 
was  more  of  a  philosopher  in  a 
worldly  ssnse  (what  the  Oermans 
call  "ein  Weltweiser  ")  than  a  pro- 
found thinker.     He  misunderstood 


age,  though  ne  prophetically  tore- 
saw  the  great  change  in  the  spirit 
of  inquiry.    He  did  not  appreciate 
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Our  age  has  in  many  ways  inherited  the  spirit  of 
Bacon's  philosophy ;  but  it  would  be  a  mistake  to  attri- 
bute its  great  scientific  achievements  to  the  exclusive 
working  of  this  spirit.  Bacon  was  neither  a  retired  and 
patient  nor  an  accurate  thinker — the  desire  to  apply  and 
make  his  learning  useful  led  him  away  from  the  "  sapien- 
tum  templa  serena  "  into  the  forum  of  life :  in  his  own 
experience,  as  well  as  in  his  writings,  he  anticipated  many 
of  the  dangers  which  beset  modem  culture — the  love  of 
premature  application,  and  the  haste  for  practical  results 
and  achievements.  Science,  which  in  the  hands  of  patient 
and  diligent  observers '  had  just  been  rescued  from  the 
sway  of  empty  metaphysical  and  theological  reasoning, 


the  enormouB  pBrt  which  mathe- 
mftticB  would  pl»y  in  the  deielop- 
ment  of  ocience.  Iq  this  respect 
Dcscartea  «u  B  genius  of  much 
)pwiter  nrigitmlitf — his  actual  coa- 
^butiODi  to  HCientific  prc^resii,  u 
wall  iu  those  of  Paacal,  bsiog  far 
beyond  those  of  Bacoa ;  but  they 
both  retained  the  nietftphyai<»l 
habit  of  thought  which  luia  char- 
acMrised  muiy,  it  not  all,  among 
the  greateat  matbematiciana.  In 
modern  culture  the  populariiation 
of  novel  views  and  ideas  has  become 
so  important  a  factor  that  writerti 
like  Mtcon  and  Voltaire,  who  com- 
bine the  scienUGc  and  literary  taste, 
are  of  the  greatest  importanoe  in 
the  diffusion  of  new  ideas,  though 
none  of  tJieir  works  need  be  looked 
upon  as  great  repositories  of  re- 
search and  knowledge.  Before  Lie- 
big  wrote  his  pamphlet,  a  very  im- 
partial and  temperaM  eetimate  of 
Bacon's  philosophy  and  its  relations 


the  literature  of  the  subject  is  so 
large,  I  cannot  but  recommend  this 
essay  at  oontaioing  one  of  the  best 
discussions  of  it. 

'  A  very  good  andconciseaccouDt 
of  the  achierements  of  these  con- 
temporariea  and  forerunners  of  Ba- 
con—of  Tycho  (1646.1901),  Kepler 
(Isn-iaSO),  Qalileo  (I&e4-]S42), 
Gilbert  (lE40-ie03),  Harriot  (1560- 
1621),  Napier  (lGGO-1617),  Harvey 
(1678-1966)  — is  given  by  John 
Nichol  in  the  second  volume  of  his 
'  FVancis  Bacon,  his  Life  and  Philo- 
sophy' (Edinb.,  1839),  pp.  86,  264. 
In  the  same  volume  [p.  193)  there 
is  also  a  useful  summary  of  Bacon's 
real  claims  to  a  place  among  physl- 
cistd,  of  his  ignorances  (p.  199),  and 
of  the  reception  which  his  works 
met  with  in  England  and  abroad 
[p.  238  to  end).  Notquite  bo  read- 
able, but  more  complete,  is  the 
little  volume  of  Hans  Heussler, 
*  F.  Bacon  und  seine  geschicbtlicbe 
Stellung'  (Breslau,  1889),  with  its 
flood  of  references — which  eibauat 
the  subject.  See  especially  p.  160, 
Ac,  on  Bacon's  anticipAticms. 
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Wfts  in  danger  of  falling  a  prey  to  hasty  generalisation 
for  the  porpoee  of  practical  ends.  Practical  demands 
threatened  then,  as  they  frequently  still  do,  to  stifle  or 
to  force  into  premature  growth  the  patient  thought  which 
had  just  began  to  germinate  in  the  new  light  and  freedom 
of  reason.  The  narrow  view  had  indeed  been  widened, 
and  the  breadth  of  the  land  had  been  Burveyed,  but  there 
was  little  inclination  to  deepen  the  view,  or  to  do  more 
thaD  search  on  the  surface.  The  spirit  of  Bacon's  philo- 
sophy required  a  corrective.  For  a  long  time  to  come  the 
hope  of  practical  application  had  to  be  postponed ;  the 
thinker  and  student  had  to  retire  into  solitude,  and  there 
to  lay  the  more  permanent  foundations  of  the  new  re- 
search. This  was  done  by  Newton  for  all  time.  His  by'i'twton. 
reputation  spread  more  slowly  than  that  of  the  great 
High  Chancellor ;  but  it  rests  on  a  surer  foundation, 
which  baffles  every  attempt  to  shake  it,  and  will  outlast 
all  coming  changes  of  thought. 

The  beginnings  of  modem  scientific  thought  are  thus  to 
be  found  in  this  country.  Lord  Bacon  foretold  propheti- 
cally the  great  change  which  the  new  philosophy  was 
destined  to  work.  Newton  more  patiently  drew  up  the 
first  simple  rules  and  gave  the  first  briUiant  application. 
Uore  than  the  unfinished  and  wearisome  pf^es  of  Bacon's 
'  Novum  Organum '  does  the  '  Principia '  deserve  to  be 
placed  on  a  line  with  Aristotle  and  Euclid  as  a  model 
work  of  scientific  inquiry. 

For  a  real  recognition  of  the  greatness  of  Newton,  as  well        t. 
as  for  a  partial  realisation  of  Bacon's  plans,  we  are,  however,  j^^Jj!^ 
mainly  indebted  to  the  French  philosophers  of  the  second  j^^upm. 
half  of  the  eighteenth  century.     Bacon's  plan  of  promoting  °*°p'™* 
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knowledge  and  research  by  the  co-operation  of  many  was 
more  thoroughly  realised  in  the  old  French  Academy 
than  in  the  Boyal  Society  of  London :  his  desire  to  unite 
all  knowledge  in  a  collective  work  underlies  the  great 
productions  of  Bayle,  and  still  more  those  of  the  £ncy- 
cIopaBdists.  The  many  problems  contained  in  Newton's 
'  Principia '  were  .first  treated  sLngly  by  Clairault  and 
Maupertuis ;  a  general  knowledge  of  his  view  of  the 
universe  was  introduced  into  popular  literature  by  Vol- 
taire,' who  made  use  of  it  as  a  powerful  weapon  wherewith  . 
to  combat  error  and  superstition,  or,  as  he  termed  it,  "  pour 
Eraser  I'inf&me " ;  but  for  a  full  announcement  of  its 
scientific  value  and  its  hidden  resources  we  are  indebted 
to  Laplace,  whose  '  M^nique  celeste '  was  the  first 
comprehensive  elaboration  of  Newton's  ideas,  and  whose 
'  Systfeme  du  Monde  *  became  the  scientific  gospel  of  a 
whole  generation  of  Continental  thinkers. 

We  may  look  upon  Lord  Bacon  as  one  who  inspects  a 
large  and  newly  discovered  land,*  laying  plans  for  the 


'  I  believe  Voltaire  was  the  author 
of  the  term  Neittonianimu.  The 
modeety  aod  truly  Bcieatific  spirit 
of  MewtoD  would  not  have  allowed 
bim  to  apply  Huch  a  term  to  bia 
work,  and  it  is  doubtful  whether 
Voltaire  did  not  eitract  from 
Newton's  '  Philosophia  Naturalis '  a 
geoeral  philosophy  which  was  not 
oonoeived  in  his  spirit. 

*  Cowlsy  in  his  Ode  to  tbe  Royal 
Society  : — 

"  Bacon  at  lut,  a  nlafatynuD,  iTDH,  .  .  . 
And  boldtT  undertook  tliB  ioloT'd  papEl'i 


i*P«t: 


or  Ui«  biMt  promla'd 


On  this  Mr  EUlia  remarks  (Bacon's 
Works,  vol  L  p.  63):  "Bacon  has 
been  likened  to  tbe  prophet  who, 
from  Mount  Pisgah,  surveyed  the 
Promiaed  Land,  but  left  it  for  otheiB 
tA  take  possession  of.  Of  this  happy 
image,  perhaps  part  of  the  feliciQ* 
was  not  perceived  by  tta  author. 
For  though  PUgah  was  a  place  of 
large  prospect,  yet  still  the  Prom< 

iaed  Li     ■  

aud  known  bound , 

that  after 
len  people 
of  it  alL 
with  what  Bacon 
proDiised  to  himself  and  to  man- 
kind from  the  inatauration  of  the 
Boieuces.  ...  In  this  respect,  aa  in 
others,  the  hopei  of  Fnncia  Baoon 
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development  of  ita  resources  and  the  gathering  of  its 
riches.  But  the  wealth  lies  deep  down,  and  is  only  indi- 
cated by  the  first  labours  of  the  early  pioneers.  Newton, 
following  these,  unites  their  b^;innings  into  a  systematic 
exploration;  and  sinks  the  main  shaft  which  reaches  the 
lode  of  rich  ore.  He  opens  out  the  wealth  of  the  mine 
and  marks  out  the  work  for  his  followers.  But  many 
diSicultiea  had  to  be  overcome,  much  united  effort  and 
a  vast  otganisation  of  labour  were  required,  in  order  to 
develop  to  the  full  Newton's  scheme,  and  to  raise  the 
great  treasure  which  he  had  reached  This  was  not  done 
until  the  end  of  the  last  century,  when  Laplace  collected,  ». 
arranged,  and  condensed  the  work  of  French  and  English  *<>'''■ 
mathematicians  and  observers  into  a  picture  of  the  uni- 
verse. A  variety  of  circumstances  had  combined  to  make 
fhe  French  capital  the  place  above  all  others  wherfi  the 
means  and  materials  for  the  development  of  the  great 
work  could  be  most  easily  procured.  Let  us  glance  for 
a  moment  at  the  different  factors  in  operation  during 
the  eighteenth  century  which  contributed  to  the  great 
achievement. 

Whilst  Newton  was  labouring  privately  and  almost 
unassisted'  at  the  greatest  scientific  work  produced  in 


were  Dot  deitiDed  to  be  fulSUed. 
It  u  neither  to  the  techoiMl  ptu't 
of  hw  method,  nor  to  the  details  of 
M«  view  of  tbe  ntture  uid  progreu 
of  edsDce,  that  hie  great  fame  ia 
jnatlj  owing.  Hia  merits  are  of 
mother  kind.  The;  belong  to  tbe 
(pdrit  rather  than  to  the  poeitive 
precepta  of  hia  philoaoph;." 

'  It  has  been  atated  tiaX  New- 
tcm,  not  knowing  of  Korwood'a  ap. 
pnndinately  correct  determination 
VOL.  L 


of  tbe  length  of  a  degree  iu  163G 
(published  !n  bia  'Seiuiun'a  Prac- 
Uce'  in  1637),  but  relying  on  the 
old  Qgure  of  (ixty  mile*  for  a  de- 
gree of  latitude  (confirmed  by  E^. 
Wright,  Cambridge,  1610),  wu  led 
away  tmm  the  right  Bupposition, 
ivbich  he  entertained  ai  far  bock  aa 
1666,  regarding  the  moon'«  orbit, 
and  liad  to  wait  for  Picard'a  flsurea 
(aicertained  about  16S9,  publubed 
in  France  about  1672,  and  iu  tlie 
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modern  timeB  by  any  single  mind,*  the  penetrating  aad 
far-seeing  genius  of  Colbert  had  already  recognised  the 
important  part  which  science  would  one  day  play  in 
the  government  of  the  world,  and  had  secured  the  ap- 
proval of  his  royal  master  to  the  constitution  of  an  Aca- 


Pbiloi.  TnuMMliotu  in  167S),  bj 
Applying  which  he  determined  that 
"  the  moot)  appeared  to  be  kept  in 
her  orbit  purely  by  the  power  of 
grsTitj. "  See  Bremter's  '  Life  of 
Kewton,"  vol.  L  p.  280,  4o.;  Tod- 
hunter's  '  Hietory  of  the  Theori«  of 
Attraction,'  vol.  i.  p.  38,  ke.  This 
acciiuiitis,  howeTer,  now  diacredited 
(see  infra,  chap.  iv. )  For  the  wrt 
'  which  Dr  Hooke  and  Halley  took  in 
the  discovery  of  the  "reciprocal 
duplicate  "  ratio,  sM  also  Brewster, 
for.  eU.,  vol.  i.  p.  291,  &c.  During 
the  writing  of  the  '  Principia'  New- 
ton carried  on  a  useful  correepoud- 
ence  with  FUmatoed,  who  was  then 
Astronomer- Royal.  How  this  happy 
co-operation  erased  ten  years  later 
can  be  read  at  length  in  Brewster 
(/oe.  et(.,vol.i.  p.  312;  voL  ii.p.  1S4, 
Ac.)  The  greatest*  material  aasiat- 
ance  which  Newton  received  was 
from  Halley,  who  defrayed  the  ex- 
penses of  publishing  tbfl  '  Principia,' 
■f(«r  the  Roya!  Society,  to  which  it 
waa  dedicated,  had  reversed  its  resol- 
ution to  defray  them  (Brewster,  vol. 
i.p.305,&c.)  Nevertheless  Weld, in 
his  '  History  of  the  Royal  Society,' 
says  :  "Fortunate  indeed  waa  it  for 
science  that  such  a  body  as  the  Royal 
Society  existed,  to  whom  Newton 
coutd  make  his  scientific  communi' 
cations  ;  otherwise  it  ii  very  possible 
that  the  '  Principia  '  would  never 
have  seen  the  light."  Though  one 
must  lament  the  difTerences  be- 
tween Flamsteed  and  Newton,  which 
prevented  the  latter  from  bring- 
ing his  inveatigadons  of  the  lunar 
and  planetary  theoriea  to  a  close 
(Brewster,  vol.  i.  p.  312),  a  word  of 


deep  gratitude  is  due  to  Flamstaed'a 
own  eiertions  in  the  cause  of  astro- 
nomy.    After  Charles  II.  had  built 

the  Obaervatory  in  order  to  have 
the  places  of  the  fixed  stars  ' '  anew 
observed,  examined,  uid  corrected 
for  the  use  of  his  seamen"  (Flam- 
steed,  History  of  his  own  Life],  aod 
after  he  had  appointed  Flamst^ed 
Astronoiner-Royal  at  a  salary  of 
£100  per  annum,  the  Observatory, 
"  hurriedly  eslablisbed,  was  left  for 
a  period  of  nearly  fifteen  years 
without  a  single  instrument  beini; 
furnished  by  the  Government " 
(Weld,  vol.  i.  p.  25C).  The  iuatru- 
ments  were  mostly  supplied  by 
Plamsteed  himself  or  lent  by  others, 
and  besidee,  "  the  king  had  ordered 
that  Flamsteed  should  instruct 
monthly  two  boys  from  Christ 
Church  Hospital,  which  waa  a  great 
annoyance  to  him,  and  inteifered 
with  his  proper  avocations  "  (Baily, 
'Account  of  the  Rev.  J,  Flamataed  ). 
"  Any  other  man  would  probably 
have  succumbed  under  the  amount 
of  drudgery  appertaining  to  the 
olBoe  (earning  hu  salary  by  labour 
/larder  than  Ihrathing),  if  indeed, 
in  the  absence  of  encoura^ment, 
ha  would  have  continued  in  it  at 
all,  and  particularly  when  the  re- 
ward was  so  insignificant"  (Weld, 
vol.  i.  p.  25fi). 

'  "And  it  may  be  justly  aaid, 
that  so  many  and  so  valuable  Philo- 
sophical Truths,  aa  ate  herein  dis- 
covered sod  put  post  dispute,  were 
never  yet  owing  to  the  Capacity 
and  Industry  of  any  one  Han 
(Words  of  Halley,  Fhilos.  Transac- 
tions, vol  xvi,,  1887). 
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demy,  which  was  based  upon  the  endowment  of  research, 
and  which  prompted  the  co-operation  of  its  members  in 
organifled '  scientific  work.  Whilst  the  Eoyal  Society  of 
London  only  received  a  charter,  and  existed  by  the  en- 
trance payments  and  contribvttitftifi  of  its  own  membera, 
ai^imented  by  private  donations,  the  Farie  Academy  had,  lo. 
as  far  back  as  1671,  received  the  funds  with  which  to  Andcmjr 

OtBtitBttt. 

commence  its  labours  m  connection  with  the  survey  of 
the  kingdom  and  its  extensive  dependencies.  It  was  theae 
labours  which  led  to  the  measurements  of  the  length  of 
the  seconds  pendulum,  and  of  the  variation  of  gravity  in 
different  latitudes;  to  the  explanation  of  this  variation 
by  Huygens ;  to  the  controversy  regarding  the  figure  of 
the  earth ;  to  the  direct  measurements  of  the  arcs  of  the 
meridian  in  Peru  and  I^pland ;  and,  finally,  to  Clairault's 
celebrated  work  on  this  subject.*  It  was  ahnost  exolu> 
Bively  by  these  observations  that  the  data  were  found 
with  which  to  substantiate  Newton's  mathematical  reason- 
ings :  in  his  own  country  that  fruitful  co-operation  which 


'  "LeroikHurut  l'( 
Acad^icieos  par  des  penmons  et 
mctUit  liMrftlement  ^  leur  dupoai- 
IJOQ  UD  fouds  deatioe  i  pourroir  aux 
fnia  de  leuni  exp^riencea  et  de  leun 
bitruiDeiiU"  (Hauiy,  'Lei  Aenii- 
miM  d'autrefoiB,'  vol.  i.  p.  13).  Or- 
guiwtion  and  co-operation  are  diffi- 
cult to  obbuB  m  societies  fouaded 
oa  priTste  and  Tolmilarj  coalribu' 
tioM.  Id  England  the;  Bcarcely  ex- 
iit«d  before  the  foundation  of  tbe 
British  Aoociation,  with  perhapa 
one  illantrioua  eiceptloD  pointed 
outtyStruveCDescriptioDderOb- 
nnatiHre  de  Pulkowa,'  4to,  F^ten- 
bniTg,  p-  S) :  "  II  J  a,  dane  I'biitoiro 
d*  I'obMrratoire  de  Greenwich,  un 
print  bi«  remarquable,  attai  que 


out   travailld   aur 

un  m£me  plan,  depuia  I'oHgine  de 
I'^tabliBsement  juaqult  I'dpoque 
actuelle."  Organisation  and  co- 
operation were  the  order  in  the 
Paris  Academy  from  the  beginDins. 
"  On  7  travaillait  de  concert " ;  and, 
"DSe  lee  premiers  moja  de  1667, 
Perrault  propoia  un  plan  de  travail 
pour  la  phyaique,  c'eat  ll  dire  pour 
rensamble  de  I'histoire  naturelle" 
(Haurj,  loo.  ait.,  p.  15). 

^  A.  full  account  of  these  h  givea 
in  Todhunter  ('  Hist,  of  Theoriea  of 
Attraction,  ix.,'  vol.  i.)  Clairault's 
book  was  published  in  1743,  and  bad 
the  title,  'Thjorie  de  la  Fi^re  de 
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can  only  be  secured  by  an  academic  orgaBJaation  and  by 
endowment  of  research  wae  wanting.  No  one  since  the 
time  of  Bacon  had  been  more  impressed  with  this  neces- 
sary condition  of  modem  prepress  than  Newton's  great 
rival,  Leibniz,'  much  of  whose  time  was  spent  in  pro- 
moting academies  all  over  Europe — in  Berlin,  St  Petere- 
bui^,  Dresden,  and  Vienna — and  who  had  himself  beea 
early  attracted  to  Paris  and  London  by  the  scientific 
fame  of  their  learned  societies,  though  he  significantly 
pointed  out  the  want  of  activity  and  efficiency  in  the 
early  history  of  the  Eoyal  Society. 

There  was,  moreover,  another  and  independent  line 
»  of  scientific  thought  which  had  centred  in  France, 
the  development  of  which  came  greatly  to  the  aid  of 
the  students  of  Kewton's  work.  This  was  the  purely 
mathematical  elaboration  of  the  various  infinitesimal 
methods  of  the  French  and  English  mathematicians,  by 
which  they  were  all  brought  t<^ther,  simplified,  and 
united  into  a  calculus  with  strict  rules,  a  practical  nota- 
tion, and  an  easy  algorithm.  Newton  himself  had  for  the 
purposes  of  his  great  work  invented  a  new  and  powerful 


'  A  collection  of  Leibniz's  writ- 
inf^  on  IhU  subject  will  b«  found 
in  the  7th  volume  of  M.  Foucher  de 
CsreU'i  edition  of  LeiboiE's  Works, 
Paris,  1876.  Of  the  projocU  of 
LeiboiE,  only  the  Academy  of  Berlin 
came  into  existence  durine  his  life- 
time (1700  and  1701}  ;  the  otheni 
were  discussed  at  great  length  with 
the  Elector  of  Saxony,  with  the  Em- 
peror, and  with  Pater  the  Orest. 
The  Academy  of  St  Petersburg  was 
founded  in  1724,  eight  years  after 
the  death  of  Leibniz.  The  Academy 
of  Vienna  did  not  come  into  life  till 


Saxony  was  founded,  i 
seat  at  Leipsic  LeibniE  had  the 
largest  views  on  academic  life  and 
work  ;  they  were  to  embrace  the 
historical  and  philosophical  studies 
B8  well  OS  the  purely  scieitCific,  and 
were  to  stand  in  ration  with  the 
higher  and  lower  educational  in- 
stitutions. His  ideas  are  beat 
realised  at  Berlin.  See  Jacob 
Orimm's  interesting  discourse,  en- 
titled 'Ueber  Scbule  Univerait&t 
Akademie'  (Kleine  Sohriften,  vol. 
i.  p.  211,  ftc) 
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inBtrument,  afterwards  called  "  the  method  of  fluxioQB  " ; 
hut  be  had  not  made  it  generally  known  before  the 
invention  of  Leibniz  was  published.^  This,  though  mnoh 
later  in  time,  had  been  perfected  and  applied  by  his 
triende  and  followers  in  a  most  extensive  manner,  and 
had,  in  fact,  become  the  recognised  mathematical  lan- 
guage of  the  Continent.  Ko  learned  body  did  more  than 
the  Paris  Academicians  to  perfect  (with  purely  scientific 


'  LcdbmE  womi  to  bave  been  in 
poaaearion  of  his  method  u  early 
a*  167S,  and  commuiiicated  it  to 
CoUina  in  1677.  It  was,  howevar, 
not  pabliabed  before  1S84  in  the 
'  Acta  EruditoruiD, '  and  than  prob' 
Mj  only  on  account  of  Boma  irrit- 
ings  of  l^himhauaan  b-encbing  on 
U>e  earns  subject.  Newton  seems 
to  have  beau  in  poaaesaion  of  his 
KMthoda  M  early  m  IftSS,  fully  ten 
jeara  bafore  Leibniz  made  use  of 
hia.  Immediataly  aft«r  the  publt- 
otion  of  Leibnii's  paper  in  16S4, 
the  diSin«t)tial  oalcnlua  waa  taken 
up  by  the  ContinenUI  nutbema- 
ticuna,  eapecially  by  Jamea  Ber- 
noulU  (1S54-170S)  ud  John  Ber- 
noulli (1067-1748),  and  the  Mar- 
quis de  I'Hopital,  who  publiabed 
the  first  treatise  on  the  new  calculus 
in  lfl06.  Newton  did  not  publinh 
any  a^couDt  of  hia  melhod,  though 
be  must  have  used  it  extensively  in 
arriving  at  the  reaulta  contained 
in  the  'Principia.'  Different  views 
h»ve  been  expressed  on  the  reAsone 
which  induced  Nawton  to  withhold 
from  pnUimtion  his  new  methods, 
and  the  qneation  to  what  extent 
Lnbois  owed  the  first  suggeations 
of  bis  methcid  to  Newton  remains 
alao  nndecided.  Thoae  who  take 
an  interest  in  the  personal  queetion 
ahoold  refer  to  the  original  docu- 
uwnta,  the  '  Commercium  Bpistoli- 
enm,'  publiabad  ^  the  Royal  Society 
iul715;  tiie  pamphlet  of  Qerhardt, 


'  Die  Erflnduns  der  Diffbrential- 
rechnuD^'  (Halle,  1848).  An  ez> 
treine  view,  unfavourable  to  Leib- 
niz's originsility,  is  taken  by  Sloman, 
'  LeibnitzeoB  AnBpnich  auf  die 
Erfindnng  der  DiSerentialrech- 
nung'  (Leipzig,  1857);  but  it  has 
not  been  generally  adopted  by  thoae 
who  have  examined  into  the  subject- 
As  to  the  superiority  of  the  Conti- 
nental notation  for  practJo%l  pUT- 
poaes,  thia  seems  to  have  been 
generally  admitted  at  the  beginning 
of  this  centuiT,  when  it  nos  intro- 
duced into  English  mathematical 
works.  In  the  ecbool  of  W.  B. 
Hamilton  of  Dublin  the  notation 
used  by  Newton  acquired  a  peculiar 
importanoe,  and  it  is  still  occaaion- 
ally  used  in  some  important  works 
like  Tait  and  Steele's  'Dynamica 
of  a  Particle,'  and  Thomson  and 
Tait's  'Natural  Philoeopb;.'  See 
on  this  Tout's  article  on  Hamilton  in 
the  '  North  British  Review '  (Sept. 
1866).  The  importance  of  ^e 
labours  of  the  Continental  school, 
headed  by  Leibuiz,  (or  the  diSusion 
of  the  new  methoda,  is  well  de- 
scribed by  Bemonl  de  Montmort  in 
a  letter  to  Brook  Taylor,  dated  1 8tb 
December  1718,  and  given  in  the 
appendix  to  ^vwster's  '  Lite  of 
Newton'(vol.iLp.  Bll.&c.)  Thoae 
who  take  more  intereat  in  the  fate 
of  ideas  and  the  progress  of  thought 
than  in  penunal  matters  will  do 
well  to  read  this  letter. 
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intereet)  thie  new  calculus,  which  in  the  course  of  the 
e^hteenth  century  had  in  the  hands  of  L^range  been 
adapted  to  all  the  purposes  and  problems  contained  or 
suggested  in  Newton's  '  Principia.' 
It.  This  leads  me  to  a  third  and  yet  more  important  element 

i"^^!  of  scientific  thought,  which  was  peculiar  to  the  Continental, 
and  especially  to  the  French  mathematicians,  counting 
amoi^  them  Leibniz,  who,  though  a  German,  was  wholly 
trained  in  the  French  school.  This  factor  is  the  estab- 
lishment of  pure  mathematics  on  an  independent  founda- 
tion, and  the  cultivation  of  research  into  the  abstract 
relations  ot  quantity,  without  reference  either  to  geomet- 
rical or  mechanical  problems  and  applications.  It  is 
the  modem  analytical  spirit  introduced  bj  the  great 
French  algebraists  of  the  seventeenth  century,  which 
looks  upon  geometry,  mechanics,  and  astronomy  merely 
as  "  questions  d'analyse,"  and  makes  their  solutions  de- 
pend upon  the  perfecting  of  an  abstract  calculus  rather 
than  on  the  study  of  these  individual  problems  them- 
selves. Opposed  to  this  spirit  of  analysis,  which  in 
general  seeks  the  solution  of  any  given  question  by 
looking  upon  it  as  a  special  case  of  a  wider  and  more 
abstract  problem,  is  the  method  known  to  the  ancients, 
which  never  loses  sight  of  the  actual  application,  be  it  a 
figure  in  geometry  or  a  special  arrangement  of  physical 
forces,  and  is  more  interested  in  the  peculiarities  of  the 
individual  case  than  in  the  abstract  formula  of  which  it 
may  be  considered  an  application.  This  opposite  view 
r^;ards  the  calculus  and  mathematics  in  general  merely 
as  an  instrument,  the  value  of  which  lies  solely  in  its 
application   to   real   physical   problems.       It   is   usually 
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termed  the  Bynthetical  method,  and  has  in  modem  times  is. 
survived  principaUy  ia  Ei^land,  where  inductive  reason-  ?S(*? 
ing,  based  upon  observation  of  detail,  has  since  the  age 
of  Lord  Bacon  been  most  successfully  cultivated.'  These 
difTeFeot  ways  of  approaching  the  same  subject  will  fre- 
quently engage  my  attention  in  the  course  of  this  survey : 
the  greatest  mathematicians  of  modem  times  have  recog- 
nised the  importance  of  both  aspects,  and  the  enormous 
progress  of  the  science  itself  has  depended,  no  doubt,  on  an 
aJtemating  employment  of  them.  Leibniz  clearly  foresaw 
this  when,  in  his  correspondence  with  Huygens  and  others, 
he  m;ged  the  necessity  of  not  abandoning  the  purely  geo- 
metrical view,  or  entirely  sacrificing  the.  older  for  the 
modem  methods.*     There  can,.however,  be  no  doubt  that 


•n  authority, 
his  highl;  intaretting  and  Bagg«a- 
tira  lecture, '  Die  Bntwickelung  der 
Uktbenwtik  in  dea  latiton  Jehr- 
hnnderteii'  (TflMngea,  1869,  re- 
publUbed  bf  P.  du  Bob-Barmond, 
18S4).  SpmkiDg  of  the  age  ot 
LeibiiiE  he  nj>:  "Though  on  the 
Contineot  imtbeiiuttidaDi  nera  not 
■o  CDDBerTktive  u  in  EngUcd,  where 
»  porel;  geometrical  expoaition  mw 
ccnuddercd  t«  be  the  on)}- one  worthpr 
of  mathematics,  jet  the  whole  spirit 
of  that  age  waa  directed  to  the  aol- 
utioD  ol  problem!  in  geometrical 
dolhJDg,  and  the  result  of  the  cal- 
cului  had  moetly  to  be  retranalated 
into  geometrical  forma.  It  it  the  in- 
aetimable  merit  of  the  great  mathe- 
matician of  BaMi,  Leonhard  Euler, 
to  have  freed  the  analytical  calculua 
from  all  geometrical  fetter*,  and 
thiu  to  have  eatabliahed  aualyni 
as  an  independent  science.  Analj- 
■is  places  at  its  entrance  the  con- 
ception of  a  fuDotioD,  ID  order  to 
espieas  the  mutual  dependenca  of 


two  variable  quanUtiea.  .  .  .  The 
abatract  theory  of  functioni  is  tiie 
higher  Mwlytia.  .  .  .  The  concep- 
tion of  a  function  has  been  slowly 
and  hesitatingly  evolved  out  of  spe- 
cial and  iubordiDat«  oonceptions. 
It  was  Euler  who  first  established 
it,  making  it  tlie  foundation  of  the 
eutire  analysis,  and  hereby  he  In- 
augurated a  new  period  in  mathe- 
matic»"(p,  12,  Ac.) 

'  To  Huygens,  ISth  September 
IS70:  "Je  ne  suit  pas  enoor  con- 
tent de  I'Algibre,  en  oe  qu'elle  n« 
donne  ny  les  plus  courtes  voyes,  ny 
lee  plus  belles  construetiona  de  Q4o- 
mitrie.  .  .  .  Je  cror  qu'JI  nous  faut 
encor  nne  autre  analyse  proi 
g^omjtriaue  oa  lia£atr«,  qui  n 
exprime  direotement  nlutn,  comma 
I'Alg&bre  eiprime  nagnilwiirtem. 
Et  je  croy  d'en  avoir  le  moyen, 
et  qu'on  pourroit  repr^senter  dee 
figures  et  mesures  dee  machines  et 
mouvements  en  caractires,  comme 
I'Algibre  reprdaenta  le*  nombre* 
ou  grandeur*"  (l>ibniE,  Matham. 
Warka,  ad.  Oarhardt,  vol.  it.  p.  10). 


b,Goo(^lc 


104  SCIENTIFIC  THOUGHT. 

the  great  snccess  which  attended  Laplace's  work,  the 
elaboration  of  a  system  of  the  universe  out  of  the  prin- 
ciples of  Newton,  waa  largely  due  to  the  perfection  which 
the  analytical  methods  had  gained  in  the  hands  of  his 
predecessors,  and  to  the  skill  with  which  he  himself  re- 
duced the  several  problems  to  purely  analytical  questions. 
But  however  much  exact  methoda,  learned  societies, 
and  regal  endowments  may  do  to  promote  the  growth  of 
the  scientific  spirit,  experience  has  shown  that  popular 
favour  and  interest  furnish  a  still  more  efiective  stimulus. 
Even  the  most  abstract  reasonings  of  the  mathematician 
require  to  be  brought  into  some  connection  with  the  gen- 
eral  concerns  of  mankind,  before  they  can  attract  talent 
from  outside,  or  enter  into  that  healthy  action  and  reaction 
which  are  the  soul  of  all  mental  prepress.  In  this  respect, 
also,  France  during  the  second  half  of  the  eighteenth  cen- 
tury was  far  in  advance  of  other  countries.  No  other  liter- 
ature of  that  stga  can  be  compared  with  that  of  France, when 
we  look  at  the  influence  or  the  expression  which  modem 
scientific  views  and  interests  had  already  attained  in  it ; 
and  no  other  country  could  at  the  end  of  the  eighteenth 
century  boast  of  such  splendid  means  of  scientific  instruc- 
tion as  then  existed  in  Paris.  In  twe  important  depart- 
ments— the  popularisation  and  the  teaching  of  science — 
France  for  a  long  period  led  the  way.*  A  general  inter- 
To  Bodenhkurcn  (about  1S90):  "I  lior  utUiarqiif"  (ibid.,  voL  tu.  p. 
am  of  opiniou  that  in  tbe  problems  359).  "  It  ia  cartaia  tbat  algebr», 
ot  ordinary  Oeometry  the  mttiiabu  by  reducing  ev»jthing  a  tiiu  ad 
Veterwa  baa  certain  advantagee  lolam  magnitudintvt,  hereby  ver; 
over  Analytin  Atgebraieam,  and  I  frequently  complicatet  Unngi  very 
think  1  have  remarked  to  you  that  much"  (p.  SSS), 
ibat»  nwMua  an  AnUgiu geomUria  '  Pertutpa  it  would  be  more  cor- 

pTopria,  totoe^oabAlgdiradivtrta      rect  to  aay  that  KieDce  was  faaUon* 
c(  in  nu/lM  Umgt  Algebra  compendia-      able  than  that  it  waa  popular  in  the 
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est  was  thus  created  in  the  proceedinge  and  debates  of  the 
Academy,  and  the  discoveries  of  its  illustrious  members 
found  their  way  into  the  lectures  and  text-books  of  the 
professors.  Whatever  eminence  German  science  may  have 
gained  in  this  century,  from  a  purely  literary  point  of 
view,  through  the  works  of  A.  von  Humboldt,  or  English 
science  through  those  of  Darwin,  the  history  of  both 
literatures  during  the  eighteenth  century  can  be  written 
almost  without  any  reference  to  science  at  all — so  small 
was  the  direct  influence  of  such  giante  as  Newton  and 
Leibniz  on  the  popular  mind.  But  who  could  exclude 
from  a  history  of  the  elegant  literature  of  France  the 
names  of  Voltaire,  of  Buffon,  of  D'Alembert,  or  of  Con- 
dorcet  ?  These  form  a  connecting  link  between  science 
and  general  literature.*     A  study  either  of  English  or 


dghtceDth  century  in  France.  But 
it  became  popular  through  the  in- 
flnnice  of  tlie  great  schocde  of  Parii. 
Befcn«  becoming  popular  with  the 
mawM  it  became  (o  in  cultivated 
■nd  literary  circles.  The  mult 
hae  been  that  icience  in  France 
alone  hae  attained  to  a  perfect  form 
of  eiprenion.  Whereaa  in  other 
oountriea  the  great  modeU  of  origi- 
nal reaearch  and  thought  vere  writ- 
ten in  the  MTere  atjle  handed  down 
by  the  ancient"  (Newton's  'Prin- 
dpia '  and  Qaun'i  '  Diiqui*itionee 
Arithmeticffi '),  the  great  work  of 
Lagnuge  (the  '  Hdt^ique  analy- 
tique')  ii  a  model  of  literary  atjle 
m  Uie  modem  eenee.  Science  in  our 
a^  ha>  become  popular  through 
it*  applicatlona.  It  ia  the  utili- 
tarian spirit  that  bae  populariwd 
■cienoe  m  Germany  and  England. 
In  Fraoce  alone  science,  before  com- 
ing under  the  influence  of  the  utili- 
tuian,  came  under  that  of  the  lit- 
emj  ^lirit.    It  waa  the  Influence  of 


the  academiea  that  brought  thi* 
abouL  See  Mauiy,  'Lee  AcwU- 
miee  d'autrefoii,'  vol.  i.  p.  178,  &c. 
Hare  than  with  Richelieu,  the  in- 
(enat  in  acience  nowadaye  ia  un- 
fortunately only  too  often  purely 
"  metallic  (quoted  from  Lord 
Cbeaterfield'i  LetCen).  See  also 
on  the  literary  as  compared  with 
the  modem  practical  character  of 
science,  Haury,  ibid.,  p.  ISl. 

'  "On  drigeait  m^e  en  prin. 
cipe  la  nicessit4  pour  un  philoaopbe 
de  ne  rester  stranger  ll  aucune 
science.  '  L'esprit  philosophique 
fait  tant  de  progrte  en  France  de- 
puii  quarante  ane,'  ^rivait  Voltaire 
ti  madame  Da  ChAtelet,  en  lul  d^* 
diant  aa  trag^die  d'Aliire,  'que  «i 
Boileau  virait  encore,  lui  qui  wait 
se  moquer  d'une  femme  da  condi- 
tion, paroe  qu'elle  voyait  en  secret 
Boberral  et  ^uveur,  il  aerait  oblig^ 
de  reapecter  et  d'imiter  cellea  qui 
profitent  publiquement  des  lumjire* 
dee  Haupertuii,  des  lUaumur,  dee 
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of  German  eighteenth-century  literature  does  not  intro- 
duce one  to  the  great  controversies  of  science,  but  a 
study  of  Voltaire  leads  one  into  the  midst  of  the  pro- 
found problems  of  the  Newtonian  and  Cartesian  philo- 
sophy, the  disputes  on  the  correct  measure  of  force.* 
BuSbn's  influence,  also,  by  spreading  a  taste  for  the  study 
of  nature  and  by  making  objects  of  natural  history  attrac- 
tive, was  probably  much  more  important  than  his  actual 
contributions  to  the  natural  sciences  themselves.^ 

For  the  growth  and  difI\i8ion  of  the  scientific  spirit 
itself,  the  great  schools  in  Paris  were  even  of  greater 
value  than  the  popular  writings  of  Voltaire  and  BufTon. 
Most  of  the  Academicians  were  trained  in  these  schools. 


Mair&u.des  DuFay  «tde«CUir«ult;  : 
de  toiu  CM  veritable!  ravaota  qui 
a'onb   pour   objet   qu'une   science 
utile,  et  qui,  en  la  reudant  agr^ble, 
la   rendent    intensiblement   ndoet- 


Noui 

au  temps,  j'ose  le  dire,  oil  il  faut 
qu'un  podte  K>it  philoaopbe  et  oil 
une  femme  p«ut  1  Stre  bardiment.' 
£□  parlaut  ainsi,  Voltaire  ne  faitaiC 
qu'eiprimer  I'opiniou  do  son  eiicle, 
et  ambitieui  lui-mSme  de  r^uuir  le 
litre  de  g&im6tre  h,  celui  de  po«te  et 
d'biatorieD,  il  s'^tait  fait  eipliquer 
parmadameDuCb&teletlaphymque 
da  Newton"  (Maurj,  ' L«b  Acad. 
d'autrefcria,'  vol.  i.  p.  I5S). 

'  See  Maury,  voL  i.  p.  167,  be ; 
and  Du  Boia-Beymond,  "  Voltaire 
aU  Naturfoncher  "  in  '  Oeaammelte 
R«deii,'  voL  i.  p.  1. 

'  "Sana  I'^loquence  de  Buffiin, 
la  zoologie  aerait  demeurde  encore 
loDgtempa  le  priTJlege  d'uQ  petit 
nombre  ;  elle  cut  laiud  indiffdrenta 
ceu:(  que  la  nature  dmeut  moina  que 
le  cbarme  de  la  parole.  La  vieille 
Mucaljon  claaaique  avait  le  tort 
de  Boua  Ituaaer  tr^-ignoraiita  dea 
cboaei  du  monde  er46.    BufTon  com- 


muniqua  aux  scienceB  le  charme  dee 
lettrea.  Lacuriudt4  a'^Tellla,  et  en 
1760,  Valmont  de  Bomare  put  OUT- 
rir  il  Paria  le  premier  coura  d'hia- 

toire  naturelle  ;  il  fut  aaaidflmeot 
auiri"  (Mauiy,  vol.  i.  p.  283).  A. 
von  Humboldt  had  a  aimilar  influ- 
ence in  Berlin  seventy  yeara  later. 
See  Du  Boia  -  Reymond,  toe.  cit., 
'    '    p,  510.    Ouardia,  'Hiatoire 


la  Hdence  aimable  et  acoetaible. 
Buffon  raasocia  k  la  philoaophie  et 
aui  lettrea  et  I'introduiait  d^ni- 
tivement  dana  la  «oci^  "  (p.  384) 
What  a  oontraat,  when  ne  read  a 
the  '  Life  of  Sir  W.  E.  Hamilton 
(by  R.  P.  Gravea,  vol.  ii.  p.  198) 
that  Dr  Buckland'a  communica- 
tion at  the  Briatol  meeUng  of  the 
Britieb  Awociation  (1830)  "was 
apparently  the  flrat  occaaioo  of 
brini^iig  before  the  public  mind  in 
England  the  geological  doctrine  of 
the  great  antiquity  of  the  earth ; 
for  out  of  the  expreaal;  scientific 
circles,  very  little — you  [vis.,  Count 
Adare]  are  aware  —  ia  known  of 
what  scien^Go  men  are  about"! 
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and  many  of  them  taught  there  for  many  years.'  It  waa 
with  a  true  insight  into  the  higher  intellectual  needs  of 
the  nation  that  the  succesaive  GrovemmentB  of  the  Eevo- 


'  Before  the  tge  of  the  Bavolu- 
tion,  which  did  m>  much  to  pro. 
mote  higher  ecientiSc  education, 
Paris  pooeued  already  many  great 
achooli.  Firet  in  importance  wm 
the  Collige  de  France,  founded  in 
I!>30  by  liVancii  L  Qanendi  and 
Robaml  taught  there  in  the 
aarenteenth  century,  and  about 
the  middle  of  the  eighteenth  cen- 
tai7  (cience  began  to  be  more  ex- 
ttmaively  repreaented,  lAlande  and 
Dauben ton  occupying  chalrB.  The 
College  et  Eoole  de  Chirurgie  waa  an 
uicient  eatablisbineat.  There  wm 
the  Jardia  dee  Flantca,  with  BuffoD, 
Lemonnier,  E)aubeiitan,  and  Four- 
en^  ;  the  Ecole  royale  del  Hinee, 
founded  in  17SS,  where  Duhamel 
taught  metallurgy ;  the  Ecole  dea 
Ponta  at  Chaumiei,  founded  by 
Tnrgot  in  1775.  Daubenbon,  Four- 
croy,  and  Vicq  d'Anr  taught  in 
the  Ecole  T^t^rinaire  d'Alfort, 
fouoded  In  1766.  Beaidet  the 
Acad^ie  dea  Scienoes,  the  Acadd- 
mie  royale  de  Chirurgie,  founded 
by  lApeyroaie  Under  Louie  XV,  in 
1731,  had  a  great  inSuence  on  the 
development  of  anatomy  and  mxi- 
geijr  during  the  eighteenth  century. 
Tenon  and  Petit,  aa  well  aa  Queanay 


the 


:  ite 


mbere,  and  it  kept  up  a  lively 
intaroourte  with  anatomiata  all  OTer 
Europe.  The  Pans  academiei  had 
alio  their  repreaentativea  and  oon- 
nectJoni  in  the  proiincea.  Inde- 
pendent academiea  of  edence  were 
affiliated  with  tlie  Acaddmie  dee  Sci- 
•noee— 171S  at  Bordeaux,  1706  at 
Ifontpellier,  1746  at  Toulouae,  1766 
•t  B^iera,  Before  having  received 
their  Ittlrai  pattnttf,  which  gave 
their  memben  certain  privilc^ie*, 
moat  of  tbeee  academies  had  exist- 
ed aa  independent  aocietiei.     Other 


frovindal  academies,  such  aa  Ariel 
16S8),  Ntmei  (1664),  Soissons 
(1674),  Har>eiUes(172S),  were  affiU- 
ated  with  the  Acaddmie  fran^siae. 
Othen,  such  as  Caen  (170G),  Lyona 
(1734),  Dijon  (1740),  Kouen  (1744), 
Amiens  and  Nancy  (I7fi0),  Beaan- 
con  (17E7),  Heti  (17S0),  Clermont 
(1780),  Orleans  (1786),  were  not 
apeciaily  affiliated.  Theae  dates 
show  bow  very  much  earlier  a 
literary  and  acientiflo  organiaation 
existed  in  France  than  in  other 
countries.  The  Protestant  univer- 
litiea  in  Oermany  formed  an  or- 
ganisation of  a  different  kind,  vKth 
which  I  shall  deal  later  on.  The 
academic  aystem,  so  early  developed 
in  France,  was  of  great  use  to  the 
culture  of  the  aciences.  French 
science  is  usually  considered  to  be 
almost  entirely  located  in  Paris. 
H.  BouiUier  CL'lostitut  et  lee 
Academiea  de  Province,'  Paris, 
187B]  has  drawn  attention  to  the 
great  services  of  this  network  of 
academies.  Many  of  the  most  emi- 
nent vfrilen  belonged  to  these  pro- 
vincial  cen  tree,  and  worked  tor 
them  even  after  beooming  membsra 
of  the  more  celebrated  academiea. 
Montesquieu  is  connected  with  Bor- 
de«ux,  Casaini  and  many  eminent 
doctois  with  Montpellier,  Dijon  has 
the  honour  of  bringing  out  Roua- 
aeau,  and  Toulouse  gave  priies  to 
Bossutand  Clairault.  Robespierre's 
name  ia  connected  with  the  Academy 
of  Arras,  Marat  discourses  at  Bouen 
and  Lyons  on  electricity  and  optics, 
and  ronton  and  Bonaparte  compete 
for  the  prix  Saynal  at  Lyons. 
"Uais,"  says  H.  Bouillier,  "ce  qui 
nous  semble  le  plus  digne  de 
remarque  et  d'^loge,  ce  sont  les 
^lee  gratuitea  de  dessin,  lea  cours 
gratuite   de   physique,  de  chimie. 
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lutioD,  in  tbe  midst  of  the  more  preeaing  problems  of 
national  safety  and  welfare,  betook  themselves  to  the 
solution  of  the  great  problem  of  national  education  and 
the  instruction  of  all  grades  of  society.  "The  ConTOntion," 
says  the  historian  of  public  instruction,*  "affords  us  the 
strange  and  grand  spectacle  of  an  assembly,  which  on  the 
one  side  seems  to  have  no  other  mission  than  to  crush  in 
the  name  of  public  welfare  everything  that  stands  in  the 
way  of  the  triumph  of  the  Republican  State,  and  which 
can  see  no  other  way  of  attaining  this  than  the  most 
'  terrible  and  cruel  of  tyrannies ;  and  which  on  the  other 
side  devotes  itself,  with  a  stoical  calm  and  serenity,  form- 
ing a  surprising  contrast  to  ite  acts,  to  the  study,  the 
examination,  and  the  discussion  of  all  the  problems  in- 
volved in  public  instruction,  of  all  the  measures. con- 
ducive to  the  progress  of  science.  It  had  the  glory  of 
creating  institutions,  some  of  which  were  carried  away  by 
the  blast  of  the  Eevolutiou,  but  among  whibh  the  most 
important  still  exist  for  the  great  honour  of  France,  and 
bear  proof  of  the  loftiness  of  her  ideas,"  ° 

'  C.  Hippeau,  'L'lnitnictionpub- 
liqua  en  Fraoce  penduit  1>  IUtoIu- 
tioD,'  I*  aMe,  pi^face,  p.  zix. 

*  It  appears  nowadaja  a  kind  of 
paradox  that,  a>  H,  Hippcau  re- 
marke,  in  the  verr  ;ear  1793,  nben 
"the  CoDventioD  wai  labouring 
with  a  feveriBh  ardour  at  the  crea- 
tion of  BchooU  of  all  d^reea,"  tbia 
Bame  Cooveutioii,  on  a  report  of  the 
Committee  of  Public  Instruction, 
Toted  on  the  Sth  of  Auguat  the 
Mipprewion  of  all  tbe  academiea  of 
Paru  and  the  provincea.  On  this 
M.  BouilliBr('L'Iiwtitutetle«Ac»- 
ddmisB,'  p.  96)  remarks:  "BientAt 
il  eat  vrai,  lea  academies  deTaient 
renattie    aprte    la    chute    de    lit 


d'hiatoire  naturello,  d' 
d'antiquitds,  fond^  par  ud  certain 
□ombre  d'atxddmiea  eli,entre  autrca, 
par  Dijon,  par  Rouen,  par  Bordeaux, 
par  Toutouee,  par  HontpelUer,  et 
dont  lea  profeaaaura  dtaient  dea 
membrea,  non  nitribuda  de  cea 
academics.  ...  A  comUen  de 
jeunea  talents  lea  acad&niea  provin- 
cialea  n'ont-ellea  paa  donnd  I'eaaor, 
par  leu  rs  r^compenaea  aoleunellea  et 
leuraenaouragemeataT  Combiende 
leurs  laur^ta  ue  soat  pas  deTcuua 
de*  hommea  c^librea?"  (p.  81,  ftc.) 
Beaidea  Bouillier,  onusult  on  these 
matten  the  aereral  articiea, 
dimie,"  "CoUfee,"  "Eoole,"  in  the 
'  Orande  EncjclopMie. ' 
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It  was  of  imineDBe  importance  to  the  cause  of  acience 
that  in  many  of  the  discuestons  of  that  assembly  a 
marked  preference  was  shown  for  the  scientific  side  of 
instruction.  In  this  matter,  as  in  many  others,  the  suc- 
ce&sfnl  constructive  efforts  of  the  Eevolutionary  Govetn- 
ments  came  from  the  side  of  those  brought  up  in  the 


Montague  et  du  Comitd  da  «alut 
public.  Ifou*  D'ignoroiu  pan  que 
«'eat  encore  la  Coarention  qui,  prise 
d'un  Urdif  remorda,  la  veille  «euie- 
meut  du  jour  0&  elle  devut  faire 
place  b  un  au  tre  gau  vemement  moins 
desputique  et  moine  cruel,  d^crdta 
rorg^aniaation  de  I'lnititut.  Hais 
U  ConTeotian  du  3  brumaire  an 
iv.  u'^Uit  plug  eelle  de  1 703 ;  e'itaXt 
«D  r^atiU  une  autre  ConreotioD, 
4pur^  d^mie,  renouvel^,  animee 
d  UD  tout  autre  eeprit,"  &o.,  tc 
The  idea  of  a  aatiooal  Inatitute  tor 
the  advancemeot  ol  letters,  aciaDce, 
And  arts  waa  a  very  early  one  (see 
'  Bapport  de  TaUeyrsnd  Perigord,' 
September  1791,  Hippeau,  p.  102). 
The  explanation  how  the  same 
OoTemmeiit  which  was  labouring  at 
the  problem  oE  a  national  instruc- 
tion, crowned  by  the  higher  teachine 
Mid  reaearch  of  »□  Institute,  could 
begin  by  closing  the  existing  acod- 

tbat  the  aim  was  to  make  education 


3,  for  instance,  what  Ducoe  taid 
on  the  ISth  December  1792  :  "  Lee 
inceura  d'un  peuple  corrompu  ne 
Be  r^Snfirent  point  par  de  Idgeia 
adoucissements,  maia  par  de  vigour- 
-euBea  et  brusques  institutions.  11 
faut  opter  ouvertement  entre  I'Mu- 
«ation  domeatiquG  et  la  liberty  ;  car 
-citoyens,  taut  que  par  une  inetruc- 

rapproche  le  pauvre  du  riche,  le 
faible  du  paisaoat ;  tant  que,  pour 
me  servir  des  expresuona  de  Plu- 
tarque,  vou»  n'aurei  pas  achemine  k 


une  mSme  trace,  et  mouU  sur  une 

mflme  forme  de  vartu  toua  les 
enfants  de  la  patrie,  o'est  en  vain 
qua  vos  lois  proclameront  la  sainte 
egoliU,  la  lUpublique  sera  toujour! 
divis^  en  deux  classes  :  les  dtm/ent 
et  les  meuieurt"  (Hippeau,  2" 
sdrie,  p.  21),  It  waa  hecauae  the 
academies  and  coll^ee  supported 
"lee  messieurs"  that  they  were 
suppreased.  In  the  end  education 
must  always  begin  from  above,  and 
before  the  people  can   be  taught 

SI  must  form  their  teachers.  See 
kanal's  Report  on  the  Ecoles  nor- 
males,  Hippeau,  vol  L  p.  4DS.  The 
academies  and  colleges  of  the  aigh- 
teantli  century  were  closed  in  order 
to  make  room  for  that  uniform 
■yitem  of  public  instruction  de- 
scribed by  Talleyrand  and  Condor- 
cet,  but  not  without  a  frequently 
eipresaed  admiration  for  the  work 
which  tbey  liad  done.  See  the  de- 
fence of  the  academies  by  Condor- 
cet  (Hippeau,  loc.  cit.,  vol.  i.  p.  272), 
and  the  tribute  to  the  "College  de 
France."  by  Oilbert  Romrae  (ibid., 
Tol.  i.  p.  303).  The  arguments  for 
radical  change  are  summed  up  by 
that  speaker  as  follows  :  "L'exJBt- 
ence  de  ces  corpe  privil^da  blesse 
(ous  DOS  priocipea  rdpublicains, 
attaque  I'^galitd  et  la  liberty  de 
penser  et  nuit  aul  progr^  dea 
arts.  Mais  si  leur  arganisation  eat 
vicieuee,  lee  ^Idments  ea  aont  boos, 
et  nous  serriront  utilement  dans 
I'organiaation  nouvelle  de  I'instruc- 
tion  publique  que  vous  allez  di- 
crdt«r"(p.  309). 
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school  of  Voltaire  and  the  Encyclopsediats,  whilst  the 
work  of  destruction  had  been  performed  by  the  followers 
of  Kousseau.  No  one  has  expressed  himself  on  the  value 
of  scientific  study  and  knowledge  in  a  clearer  or  more 
far-seeing  manner  than  Condorcet.  In  his  '  Eeport  and 
Project  of  a  Decree  on  the  General  Oi^anisation  of  Public 
Instruction,'  which  he  presented  to  the  National  Assembly 
in  the  name  of  the  Committee  of  Public  Instruction, 
he  says : '  "  Many  motives  have  brought  about  the  kind 
of  preference  which  is  accorded  to  the  mathematical  and 
physical  sciences.  Firstly,  for  men  who  do  not  devote 
themselves  to  long  meditations,  who  do  not  fathom  any 
kind  of  knowledge — even  the  elementary  study  of  theae 
sciences  is  the  surest  means  of  developing  their  intel- 
lectual faculties,  of  teaching  them  to  reason  rightly  and 
to  analyse  their  ideas.^  ...  It  is  because  in  the  natural 
sciences  the  ideas  are  more  simple,  more  rigorously  cir- 
cumscribed, it  is  because  their  language  is  more  perfect, 
&c,  &c.  .  .  .  These  sciences  offer  a  remedy  for  prejudice, 
for  smallness  of  mind — a  remedy,  if  not  more  certain, 
at  least  more  universal,  than  philosophy  itself.*  .  .  .  Those 


printed  hy  order  ol  the  CoDveDtioii, 
Paris,  Imprimerie  nationftle,  1793. 
)  Ibid.,  p.  20S. 


•  Ibid., 


,  204.     It  ia  iaMresting 


□  sM  theae  reports  the 
exact  tcisDoea  are  placed  in  the  fore- 
ground. 9ee,  for  iDsl&nce,  what 
Gilbert  Romme  uys  of  the  teaching 
of  the  proposed  in*tiiutt:  "Lea 
■cieacet  math^matjquea  et  phjB- 
iquee,  morklea  et  poliliquea,  1  agii- 
culture  et  lee  arts  mecaniquet,  la 
littinture  et  lea  beaui-arU,  com- 


poeeront  I'enaeigneineiit  dei  inati- 
tute  oh   Ton  poum  Ruivre,   dan* 

leuTB  ilimenU,  I'^helle  enti^  dea 
connaiMaDces  humaineB"  (vol.  i.  p, 
322).  "  Lea  lyc^  «erant  I'feile  dee 
gena  inatruita  ;  ile  eiobraueroDt  lea 
gdenoea,  lea  arte  et  lea  leCtree  dans 
t«ut«  leur  ^tandue."  One  is  forcibly 
remindfld  that  the  most  perfect 
realiBBtion  of  this  arrangement  of 
studies  is  to  be  found  a  centurr 
later  m  the  proviucial  adeoce  col- 
legea  of  thia  country.  The  prefer- 
ence, howBTer,  is  DOW  giren  U> 
■cience  mainly  for  ultilitarian  rea- 
■ona :   the  difference  ia  shown  br 
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who  follow  their  course,  see  the  coming  of  aa  epoch 
when  the  practical  uaefulnesB  of  their  application  will 
reach  greater  dimenaions  than  were  ever  hoped  for,  when 
the  progress  of  the  physical  sciences  must  produce  a 
fortunate  revolution  in  the  arts.  And  lastly,  we  have 
yielded  to  the  general  tendency  of  men's  minds,  which 
in  Europe  seem  to  incline  towards  these  sciences  with 
an  ever-increasing  ardour.  .  .  .  Literature  has  its  limits, 
the  sciences  of  observation  and  calculation  have  none. 
Below  a  certain  d^ree  of  talent,  the  taste  for  literary 
occupations  produces  either  ridiculous  pride  or  a  mean 
jealousy  towards  such  talents  as  one  cannot  attain.  In 
the  sciences,  on  the  contrary,  it  is  not  with  the  opinion 
of  men  but  with  nature  that  we  have  to  engage  in  a 
contest,  the  triumph  of  which  is  nearly  always  certain, 
where  every  victory  predicts  a  new  one." ' 

"  It  is,"  says  Lakanal,  in  his  report  on  the  "  i&oles  cen- 
trales," 16th  December  1794,  "of  great  importance  for 
the  nation  to  assure  itself  that  the  mathematical  sciences 
are  cultivated  and  deepened,  for  they  give  the  habit 
of  accuracy ;  without  them  astronomy  and  navigation 
have  no  guide;  architecture,  both  civil  and  naval,  has 
no  rule ;  the  sciences  of  artillery  and  of  fortification  have 
no  foundation."  *    Gradually,  under  the  pressure  of  exter- 


the  imporUnco  then  attached  to  philo«ophie  et  U  mdthode  dw  icieo- 

mathematice  na  a  training  of  tlie  cea  phyaiques"  (Condorcet). 

intflUsct  in  precise  thinking;  now-  '  Hippeau,  vol  i  p.  182.     It  is 

adi^a  it  is  the  mechanical  side  that  interesting  to  see  how  the  study  and 

is  favoured,  and  this  is  □nl}'  too  teaching  of  the  aciencee  in  courae  of 

often  destructive  of  Che  trulj  scien-  the  second  halt  □(  the  last  century 

tific  and  exact  spirit.  in  France  undergo  a  development. 

'  Hippeau.  Ion.  cit.,  p.  258.     Cf.  The  Utemr  interest  predominates 

p.  2ei:  "HAtons-nous   .    .    .   de  in  FonteneUe.    BufTon  and  Voltaire 

porter  daot  lee  •denoes  mondes  la  add   to  it  the  philoeophictl  and 
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Bal  events,  the  ex^encies  of  war  and  the  defence  of  the 
coantry  gain  the  upper  hand,  and  a  central  eetablishment 
IB  founded  to  cultivate  and  teach  the  sciences  and  arts, 
"  upon  which  depend  the  defence  of  the  BepubUc  hy  land 
and  sea." '  Few  of  the  higher  and  philanthropic  aims  of 
the  great  educational  leaders  of  the  early  years  of  the 
Eevolution — of  Mirabeau,  of  Talleyrand,  of  Condorcet — 
were  realised ;  little  was  done  for  primaiy  education ; 
but  science  can  boast  of  having  been  worthily  represented 
and  supported  in  the  two  great  schools  which  still  bear 
their  original  designation,  and  which  can  show  a  record 
of  celebrated  names  and  munificent  work  superior  prob- 
ably to  that  of  any  other  similar  institution  in  Europe, 
so.  They  are  the  ,"  Nicole  normale  superieure "  and  the 
mile.  Ecoie  "  Eoolc  centralo  des  Travaux  publics,"  better  known  by 


philanthropic,  the  EacyclopmdUtd 
and  Condorcet  the  eduo&tioDal ;  the 
erenU  of  the  Revolution  and  the 
diacuaaiuuB  in  tlie  AaBembliea  bring 


ethe 


tbe  utilitarian,  and  the  eoouomical 
wpecto.  The  only  creationB  which 
raulted  were  thou  in  which  the 
latter  aims  were  predominaDt. 

'  Lakuial,  aeo  Hippeau,  voL  i. 
p.  447. 

*  To  theoe  two  great  echoola  must 
be  added  aa  a  third  the  "Museum 
d'HiBtoire  naturelle,"  "le  plus  mag- 
nifique  £tabli>iBeiii«Dt  que  Iob  scien- 
ces aient  poai6di"  (Cuvier,  "J:ioge 
de  Fouroroj,"  part  ii,  of  tbe '  Eloges 
historiquei,'  p.  14,  Strasbourg,  1819). 
The  foundation  of  the  "Ecole  cen- 
trals dee  Travaux  publics"  wa»  pro- 
poeed  by  Barire  on  the  1 1th  March 
1794,  and  definite!;  organised  on 
the  report  of  Fourcroy  (Hippeau, 
voL  L  p.  446)  by  adecree  of  7th  ven- 


ddmiaire,  i 


IT.  (name  chan 


^1epoIyt«chnique,lGthfructidor). 
The  opening  of  Uie  courvM  was  an- 
nounced for  the  lOth  frimiure  fol- 
lowing (Hippeau,  vol.  ii.  pp.  13B,  174, 
176).  The  foundation  of  the"  Eoolea 
normalea  "  waa  propoeed  by  Harare 
(13th  prairial,  an  iL),  and  decreed  on 
a  report  of  Lalisnal  (Hippeau,  toL  L 
p.  423)  on  the  9Ch  brumaire,  an  iii. 
OOth  Octeber  17B4)  (ibid,,  vol  ii.  p. 
179).  The  coureei  opened  onthelst 
pluviosa.  The  work  of  the  echoel 
was  distributed  as  follows :  Uatbe- 
matics,  Lagrange  and  Laplace; 
physics,  Haiiy ;  deecriptive  geome- 
tiy,  Honge  ;  natural  bistoTy,  Dan- 
braiton ;  chemistry,  BerthoUet ;  agri- 
culture, Thou  in;  geography,  Buache 
and  Mentelle ;  history,  Volney ; 
morals,  Bemaidin  de  St  Pierre. 
(Hippeau,  vol.  ii.  p.  180,  where  also 
will  be  found  eitracts  from  the 
'  Honiteur '  of  the  etb  pluvioie  on 
the  opening  addrasaea.)  The  oldest 
pupil  was  BougainTille,  tbe  great 
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mf^ificent  institutioo  recognised  "  that,  in  epite  of  the 
diversity  of  applicationB,  mathematics  and  physics  are 
the  indispensable  basis  of  the  studies  in  view." '  Though 
the  first  period  of  the  life  of  the  £coIe  normale  only 
counted  four  monthB,'  we  are  indebted  to  it  for  the 


tr«Teller.  The  £cole  poiytechnique 
received  sd  atloation  of  £12,000, 
uid  bad  100  pupil*  to  itart  with. 
On  the  SOtb  frimiun,  mx  iii.,  tbe 
GonvcDtioQ,  OD  ■  report  of  TbibaU' 
deku,  TDt«d  the  neceuuy  ezpeiuei 
for  the  enUrgement  of  the  Hiudum 
d'Hiat<nni  oaturelle  (Hippeau,  toL 
it  p.  198),— rii.,  nearly  fSOOO  for 
expeiuea,  uid  £200  for  each  o(  the 
profeswn.  The  Mueeum  had  been 
originally  destined  for  the  culture 
of  medioiULl  plant*.  Toumefort  had 
giren  a  great  impetiu  to  botanioal, 
«nd  BuSbn,  with  Daubentoo,  to 
sooloffieal  atudiea.  The  ConTantioD 
added  aevenl  to  the  coureet  regu- 
larly held  there  on  natural  hiitory, 
botany,  mineralogy,  and  general 
ebemiatiy.  "Cee  conn,"  wyB  Thi- 
baudeau,  "fDUrainent  GOO  lef<»u 
par  an,  otfrent  t'eoaenible  la  plus 
vaiteet  le  plui  eomplet  d'cnteigne- 
meDt  sur  toutea  lei  brancbea  d'hii- 
toire  naturelle  dont  le  plui  graod 
Dontbre  manquaient  totAlement  k  la 
Franoe  el  dont  quelquea-unei  man- 
queut  encore  k  I'Europe,  1'applica- 
tion  inunMiate  de  tou6e>  le«  Kiencee 
naturellea  au  commerce  etaui  arte." 
Of  other  acienliec  and  teaching 
uutitulitnu  I  must  mentjon  the 
"Bureau  dee  Longitude*."  This 
WW  organiwd  by  the  ConTeation 
on  a  diecouree  by  Qt^gcore,  7th 
meaudor,  an  iii.  {2itb  June  1795), 
in  which  he  refen  to  the  Briti^ 
Board  of  Longitude  and  the  euperi. 
ori^  of  the  Britjah  navy  (Hippeau, 
voL  iL  p.  219).  The  appointment*  to 
thi*  bureau  were  the  gionitra  La- 
grange and  Laplace,  the  mtronoviri 
LUaode,  CaMiui,  Mkhun,  De- 
VOU  L 


lambre,  one  of  whom  had  to  delirer 
a  courie  of  aatronomy,  the  traveller* 
Borda,  Bougainville,  the  g^agrapht 
Buache,  and  the  u-Uat  Carocher. 
It  had  charge  of  the  obeerratory, 
which  had  already  been  reorganised 
by  a  decree  promoted  by  Lflkanal  on 
the  Slat  Auguat  I7SS  (Hippeau,  vol. 
iL  p.  76),  and  publlihed  in  the  '  Con- 
nunanoe  de*  Tempi, '  There  were, 
beaidet,  aeveral  military  achoola  and 
the  medical  Bchoola,  not  to  mention 
other  fonndatione  leea  connected 
with  our  subject  but  equally  im> 
portant,  auch  aa  the  School  of 
Oriental  languages,  eatabliahed  in 
the  Biblioth^ue  natiouale  (g«r- 
minaLan  iiL,  Hippeau,  ToL  iL  p.21G); 
the  Ecole*  da  Sant^  eatabliahed 
lith  frimaire,  an  iiL,  on  a  report  of 
FourcToy,  in  Paria,  Straabourg,  and 
Mootpellier  (Hippeau,  vol.  iL  p.  1B4). 

'  Ibid.,  vol.  L  p.  *60. 

*  The  Ecole  normale  waa  cloaed 
on  the  30th  flor^,  an  iiL,  on  a 
decree  of  the  Convention  dated 
the  7th  of  that  month.  Danton 
explained  that  the  aohool  bad  not 
taken  the  line  which  the  Conven- 
tion  had  marked  out — the  oourae* 
in  general  having  ofiered  a  direct 
teaching  of  the  aoienoea  rather 
than  an  eipoaition  of  the  metfaoda 
which  are  to  be  adopted  in  teaching 
(Hippeau,  vol  iL  p.  21S).  It  aUo 
aeenu  that  the  eminent  teachera  of 
Uiia  inatitution  had  few  pupils  suffi- 
ciently, prepared  to  foUuw  them. 
The  Ecole  normale  vras  reopened 
in  the  year  1808  under  the  Empire, 
by  the  aame  decree  of  17th  tUrch 
which  organised  the  Dnivenity  of 
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n.  fomidatioD  of  b  new  branch  of  science — the  '  Descriptive 
^Dworipave  Geometry '  of  Monge,  which  was  given  to  the  world 
through  shorthand  notes '  from  his  lectures  delivered  in 
that  institution.  They  form  the  banning  of  the  new 
science,  since  developed  by  Poncelet,  Steiner,  and  others, 
and  known  under  the  name  of  "  projective  geometry."  ^ 

Next  to  mathematics  with  its  analytical  and  graphical 
application  to  physics  and  the  arte,  the  subject  most  culti- 
vated in  these  higher  educational  establishments  of  Paris 
at  the  end  of  the  last  century  was  the  new  science  of 


a  French  science,'  not  so  much  because  even  at  that  time 


'  See  the  aocauot  of  the  ongin  of 
this  bruich  of  mithemabci!  in  Brii- 
Bon's  edilioD  of  the  '  O^mdtrie  de- 
scriptive,' Pftris,  1S17.  In  the  pro- 
gramoie  prefixed  to  the  treatise  the 
three  Mpects  of  the  new  Bchool — 
the  iiKtionKl,  the  practical,  and  the 
educational — are  well  set  forth  : 
"Pour  tirer  la  nation  franpoise  de 
U  d^pendauce  oti  elle  a  6i6  junqu'li 
pr^nt  de  I'industrie  dtraugl^re,  i) 
taut  premi^rement  dinger  I'Muca- 
tJOD  natioDale  vers  la  connaissaDce 
dee  objets  qui  exigent  de  I'eiacti- 
tnde.  ...  I]  faut,  en  secaod  lieu, 
rendrepopulairelaconnaisaaDced'uQ 
grand  aombre  de  ph^nomfeDee  natu- 
rela.  ...  La  g^metrie  descriptive 
est  un  moyen  de  rachereher  la  v^r- 
ltd ;  elle  offre  dea  eiemples  perpd- 
tuels  du  passage  du  conou  K  Tincon- 
DU  ;  et  parcequ'elle  CBt  toujoura  ap- 

Cliqu^  &  des  objets  susceptibles  de 
i  plus  girande  Evidence,  11  eat  nices- 
«aire  de  la  faire  entrer  dans  le  plan 
d'una  ^ucation  nationale."  Honge 
generalised  and  placed  on  a  sciea- 
tJGc  basis  the  methods  used  pre- 
Tiously  b;  carpentare  and  st«ne- 
GUttera,    And   jHu^ially  dealt  with 

Sometrically  by  Courcier,  Derond, 
athurin,  Jousse,  and  Freiier.    8«e 


Montucla,  '  Histoire  des  Mathema- 

tiques,'  vol.  iii.  p.  16. 

^  Monge  taught  also  at  the  Ecole 
polytechaique  from  the  beginning. 
See  the  remarks  of  Chasles  ('  Rap- 
port  Bur  lea  Pn«r^  de  la  Ok^- 
mdtrie.'  Paris,  1370,  p.  2):  "L'en- 
seignement  thiSorique  et  profond 
qui  a  6t6  la  base  de  la  premi&re  et 
judicieuse  organisatjon  de  ce  gruid 
^tablissement  ^tait  ^mineiament 
favorable  aux  pmgrAs  de  la  sdenca, 
ea  mfime  temps  qu'il  pr^parait  bM- 
eusement  les  ^livas  li  I'entr^  dans 
les  6co1ea  d'application. "  Tha  au- 
thor then  refers  with  regret  to  the 
leas  Bcisntific  tone  which  had  crept 
into  the  studies  of  that  great  school 
in  ths  course  of  this  centuiy.  Sea 
alBO  p.  379. 

'  A.WurtxCHistoiredesDoctrinea 
chimiques,' Paris,  1S63,  p.  1) :  "La 
chimie  est  une  acienoe  franj^se  ; 
elle  fut  oonstitu^  par  I*ToiHier.'" 
Cf.  Dumas  ('  Lerons  sur  la  Philoso- 
phic chimique,'  Paris,  18S7,  p.  137). 
Buckle  ('Hiatory  of  CivilisatioD.'&c, 
3  vols.,  vol.  ii  p.  366,  London,  1866) 
says ;  ' '  That  we  owe  to  France  the 
exiatenca  of  chemistry  as  a  science 
will  be  admitted  by  every  one  who 
uses  the  word  science  in  the  sense 
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chemistry  was  not  indebted  to  illuatrious  foreigners '  for 
aome  of  ita  moet  important  discoveries,  as  because  the 
modem  scientific  spirit  of  accurate  measurement  first  took 
hold  of  chemical  phenomena  on  a  large  scale  in  the  many 
importaDt  investigations  which  bear  the  name  of  Lavoi- 
sier and  his  followers,  through  whom  the  great  reform  of 
modem  chemical  knowledge  and  research  was  permanently 
established.  It  has  been  s^nificantly  pointed  out*  that  it 
was  the  union  of  mathematical  with  empirical  knowledge 
which,  through  men  like  Laplace,  Meusnier,  Monge,  first 


in  which  alooe  it  ought  to  be  un- 
dSTBtood,  Ju.  .  .  .  UnlU  Lkvoieier 
entered  the  field  there  were  no  gen- 
erkliutions  wide  enough  to  entitle 
chemiatry  to  be  cftUed  t,  •dence." 
The  coitectneu  of  thie  view  is  fully 
ftnd  impartially  eiamined  by  Her- 
nunD  Eopp  ('  Uie  Entwickelung  der 
Chemie  in  der  neueren  Zeit,'  Miln- 
cbeo,  1S73.  p.  Se,  Jtc.)  He  fully 
uphotdi  the  clainu  of  Leroiiier  to 
be  cklled  the  facher  of  modem 
chenuBtry  (p.  146).  See  also  what 
Liebig  wyi. 

',^e*e  wer«  mainly,  Black  (dii- 
covered  carbonio  acid,  called  filed 
air,  in  1761],  Cavendish  (diaoovered 
hydrogen  or  iuflamiiiable  air  in 
1767),  and  Prieetley,  who  between 
1771  and  177*  diaco»ered  oiy- 
gen  (dephlogiiticat«d  air),  nitrogen 
(phlogiRticated  air),  and  UTeral  of 
ita  compoundi,  amoDg  them  am- 
Dtonik  (alkaline  air).  Of  Prieatley 
it  is  said  by  Curler  that  he  may 
well  be  oontidered  ai  one  of  the 
fsthen  of  modern  cbemiatiy,  "  maia 
c'eet  un  p^re  qui  ne  vnulut  jamsia 
nconnaltre  >a  fille  "  ('  Elogce,'  rol,  i. 
p.  208).  Elsewhere  ('  Rapport  his- 
tetique  lur  les  Progr^  de>  Sciences 
natunlles,' Paris,  ISIO,  p.  90)  Cu- 
rier  dat«s  the  revolution  in  chem- 
istry from  the  introduction  of  the 
msthematical  spirit :    "II   en   est 


une  causa  encore  plus  essentielle  & 
laquelle  mSme  on  doit  It  proprement 
parler,  et  cette  th^rie  nouvelie,  et 
ies  dScouvartes  qui  I'ont  fait  na!tr«. 
.  .  .  C'eaC  I'esprit  math^macique 
qui  s'eat  introduit  dana  la  acience 
et  la  rigoureuae  prfciaioo  qu'on  a 
port^  dana  I'eiamen  de  toutea  aes 
op^raUons.  .  .  .  C'est  dans  le 
Traits  ^l^mentaire  de  LaToiaier  que 
TEurope  vit  pour  la  premiere  foia 
aTec  ^tonnement  le  sjstime  entisr 
de  la  DOUTelle  ohimie,    &c. 

*  Kopp,  loo.  cil.,  p.  202:  "In- 
deed, if  we  look  at  those  who  first 
worked  together  with  Lavoisier  or 
in  his  spirit,  wa  shall  find  such  as 
had  devoted  themselves  principally 
to  mathematics  or  mathematical 
physics,  men  tike  lAplace,  HeuB- 
nier,  Monge.  Among  chemists  La- 
voiaier  stood  for  a  long  time  almost 
alone  in  his  opinions."  This  view 
ia  also  taken  by  Cuvier  ('  Kapport,' 
p.  91):  "Les  nouveaui  chimistea 
fran9ais  .  .  .  ont  eu  k  ae  louer  du 
concours  de  quelquea-uns  de  noa 
gfcm^tres  lea  plus  distinguA,"  &o, ; 
and  he  attributes  the  next  great 
step  in  chemical  science  to  a  similar 
introduction  of  a  "rigueur  touts 
mathdmatique "  ('Rapport  sur  la 
Chimie  lu  ti  la  S^ce  dee  i  Acad.,' 
28rd  April  1326]. 
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brought  about  the  general  recognition  of  lAvoisier's  ideas ; 
whereas  the  more  exclusive  representatives  of  chemistry, 
such  as  Bertbollet  and  Guyton,  held  aloof  for  some  con- 
siderable time.  In  the  earlier  syllabus  of  the  Ecole 
polytechntque,  chemistry  was  brought  into  a  similar 
proximity  with  the  mathematical  brauches.  And  Ber- 
thollet's  '  Statiqiie  chimique '  denotes  by  its  title  alone 
the  mathematical  spirit  in  which  the  work  was  conceived. 
About  that  time  also  two  new  sciences  were,  if  not 
invented,  at  least  set  on  a  firm  basis,  by  which  the  use 
of  mathematics  was  vei7  largely  extended,  and  by  which 
great  realms  of  interestii^  facts  were  made  accessible  to 
accurate  measurements  and  exact  reasoning.  Both  these 
sciences  can  be  claimed  by  France  as  almost  exclusively 
her  own  creations.  They  are  the  science  of  crystallo- 
graphy  and  the  great  theory  of  probabilities.  The  former 
was  the  work  of  the  Abb^  Hauy ;  the  latter  formed,  next 
to  the  mechanics  of  the  heavens,  the  main  original  con- 
tribution by  which  I^place  has  perpetuated  his  name  in 
the  history  of  science.  The  theory  of  the  Abb^  Haiiy, 
who  first  taught  how  crystals  are  built  up  from  small 
particles  of  definite  and  r^ular  geometrical  forms,  such  as 
cubes,  pyramids,  &c,  came  to  the  ud  of  the  mineralogists, 
who  before  him  had  vainly  groped  in  the  dark,  searching 
for  some  method  by  which  order  and  system  could  be 
introduced  into  the  lifeless  forme  of  nature  as  by  the 
methods  of  Linnccus  and  Jussieu  it  had  been  introduced 
into  the  world  of  plants  and  animals.  Before  Haiiy, 
the  doctrines  of  mineralogy  had  been  either  attached  to 
geology — especially  in  the  celebrated  school  of  Werner, 
or  latterly,  after  the  great  developments  in  chemistry  had 
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set  in,  to  chemistry — especially  by  Bei^mann.'  HaUy 
established  the  Bcieoce  of  mioerals  on  an  independent 
foundation  by  studying  and  systematisiug  the  fonue  of 
their  crystallisation ;  and  he  brought  the  science  of  min- 
eralogy from  Sweden  and  Germany  into  France,  and  gave 
it  an  independent  position.  Thus  it  came  to  form  a  con- 
necting-link between  the  mathematical — i.e.,  the  meaeur- 
ing  and  calculating — and  the  purely  deeoriptive  eciences. 
"  Mineralogy,  though  it  is  that  part  of  natural  science 
which  deals  with  the  least  complicated  objects*  is  never- 
tfaeless  also  that  which  lends  itself  least  to  a  rational 
classification.  The  first  observers  named  the  nunera^ 
vaguely  according  to  t^eir  external  appearances  and  their 
use.  It  was  not  until  the  middle  of  the  eighteenth 
century  that  it  was  attempted  to  subject  them  to  those 
methods  which  had  done  service  to  geology  and  botany  : 
the  hope  existed  of  establishing  among  them  genera  and 


'  Sm  »a  Mcount  of  the  work  of 
th/ chemical  school,  to  which  CroD- 
■ted  (the  inventor  of  the  blow-pipe), 
Bergmaan,  Kinvan,  tad  KUproth 
belMiged,  in  Cutici^b  '  Rapport '  (p. 
163).  Also  hii  "  Kloge  de  HaUy  " 
('Elogee  hiator.,'  toL  iii.  p.  HZ,  Ik.) 
The  b^inniDga  of  geometrical  0174- 
taUogT»ph7  «eem  to  go  back  to  Lin- 
nEcoa ;  but  his  view  was  discouraged 
in  Fnnce  b;  Buffon,  who  disliked 
limneus's  writing*.  Whewell,  who 
was  hinuielE  an  authorit;  on  crya- 
tallograpbj,  thinks  Boml  de  I'lsle, 
who  was  not  tm  Acsdemiciao,  had 
onlj'  scant  justice  doDS  to  him  bj 
Hafiy  and  his  friends  ('  Hist,  oil 
the  InducL  Sciencos,'  Srd  ed.,  vol. 
iiL  p.  170).  More  recent  writera, 
anch  as  Kobell  ('Oeschichte  der 
Hineralogie,'  Mtiachen,  1834,  p.  7S, 
fte.)  and  Nicol  {article  "Crystal- 


lography," '  Enoy.  Brit.'),  have  done 
him  justica.  The  'Orande  Ency- 
clopraie  '  thus  summariaee  the  work 
of  R»m«  de  I'lsle :  "II  meeura 
m^niquement  [I'iz-,  with  Caran- 
^t'B  goniometer]  lea  angles  et 
etabiit  que  ct»  angles  ont  toujourft 
une  T^eur  constants'  dans  une 
mSme  eep&x  min^rslogi^ue."  That 
of  HaUy  is  Bunnnariaed  in  the  two 
laws :  "  1°,  Tous  les  jUments  sem- 
blablea  d'un  cristal  sout  toujours 
semblablement  et  aimul  tankmen  t 
modifies  (lot  de  sym^trie) ;  2°,  toute 
facette  modiGonte  intercepte  am- 
ies arttes  de  la  figure  primitive 
dee  longueurs  proportionellee  1l  dea 
multiples  silnplee  de  la  longueur 
de  cee  arStes  (loi  de  derivation) " 
(Berthelot  in  '  Orande  Encyclop.,' 
vol.  liii.  p.  897). 
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species,  as  among  organised  beings,  and  it  was  forgot- 
ten that  in  mineralogy  the  principle  is  absent  which 
had  given  birth  to  the  idea  of  species — viz.,  that  of 
generation.  The  principle  of  individuality,  such  as  it  is 
conceived  in  the  organic  world — viz.,  the  unity  of  action 
of  different  organs  which  co-operate  in  the  preservation  of 
the  same  life — can  scarcely  be  admitted  in  mineralc^y.'" 
The  Abb^  Haiiy,  by  founding  the  science  of  minerala 
on  their  regular  forms  of  crystallisation,  made  mineralogy 
"  as  prec)§e  and  methodical  as  astronomy ;  in  fact,  we 
can  say  in  one  word  that  he  was  to  Werner'  and  Bom^ 
4e  risle,  his  predecessors,  what  Newton  had  been  to 
Kepler  and  Copernicus."* 
!s.  From  that  well-defined  province  of  science  which  deals 

rhMHT  Ot 

probBbiitty.  in  a  precise  and  strict  manner  with  the  simple  numerical 
relations  which  seem  to  underlie  all  forms  of  movement 
in  nature,  be  they  on  a  stupendous  or  on  a  minute  scale 


'  CuTier,  "  filogo  de  Haiiy"  in 
'Elogea  fautoriques,'  vol.  iii.  p.  IBS. 

»  Ths  charictier  of  Werner  (1760- 
1815)  is  Dowbere  better  painted 
thaa  by  Cuvier  id  hia  "£loge  de 
Weroer"  {Iob.  etL,  vol.  ii.  p.  SOS,  kc.) 
"IlcommsDoe  I'^poque  la  plus  re- 
marquable  de  la  adencs  de  la  terre, 
at  mSme  Voa  p«ut  dire  qu'b  lui 
aeul  il  la  remplit.  ...  II  a'est 
formd  dea  academies  enti^ru,  qui 
ont  pris  BOD  noin"  (for  inabuice, 
the  Edinbui^h  WeraeriaD  Society, 
founded  by  JameBOD,  1808-1869), 
"comme  ai  ellei  euuent  voulu  io- 
voquer  toa  gjnje  et  s'en  fsire  uo 
patron  d'une  rap6ce  auparavant  in- 
connue.  Qui  ne  croirait,  Il  entendre 
parler  de  aucc^  si  peu  ordinairea, 
que  ce  fut  quelqu'un  de  cea  hommea 
ardens  k  propager  leur  doctrine, 
qui  par  dea  ouvragea  nombreui  et 


^loqueni,  out  gubjugud  leuiv  con- 
tamporaina,  ou  qui  ae  aont  prooird 
dea  porUaaiia  par  I'aacendant  d'une 
gnuide  ricbease  ou  d'uue  poBitioQ 
£leT^  dans  I'ordre  aociall  Rien  de 
tout  Oela  :  conGad  dans  uae  petite 
ville  de  Saie,  sans  autoritd  dona 
ion  paya,  il  n'avait  aucune  iuSuence 
HUr  la  fortune  de  aea  diaciples ;  il 
n'entretenait  point  de  liaisoos  avec 
dea  perBonuea  en  place :  d'uu  nat- 
ural Binguliftrement  timide,  h^tant 
toujoure  11  ecrire,  h  peine  subaist«- 
t-il  de  lui  quelquea  feuiliea  d'im- 
preuion.  .  .  .  C'eat  ainai  qu'en 
peu  d'ann^  la  petite  icole  de 
Freyberg,  deatJo^  aeulement,  daiu 
le  principe,  )l  former  quelquea 
mineura  pour  la  Saie,  rinouvela 
le  spectacle  dea  premiirea  uniTer- 
ait^  du  moyen  ftge,"  kc,  tc 
'  Cuvjer,  ibid.,  p.  163. 
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— ie.,  from  the  provmce  of  mecbanics  and  astronomy — 
two  different  roads  lead  into  those  extensive  domains  in 
which,  not  simpUcity  and  regularity,  but  endless  variety 
and  complication,  seem  to  be  the  order  and  the  rule  of 
life.  Even  a  century  ago  the  contrast  must  hav«  been 
striking  between  the  'Principia '  of  Newton  and  the  '  Ex- 
position du  Syeteme  du  Monde '  of  Laplace  on  the  one 
side,  and  the  great  array  of  volumes  of  Linnteus,  BufTon, 
JuBsien,  Cuvier,  and  Lac^pMe  on  the  other ;  though  these 
after  all  embraced  only  a  small  portion  of  the  livii^  forms 
of  nature  which  they  attempted  to  classify  or  to  describe.' 
I  have  pointed  out  how  the  new  and  especially  the 
French  methods  of  chemistry  and  crystallt^raphy  con- 
quered a  lai^  portion  of  intermediate  ground,  subjected 
many  tattled  phenomena  to  exact  treatment,  and  pushed 
the  mathematical  method  far  into  the  dominion  of  natural 
history.  It  is  that  other  history,  not  natural,  but  human 
and  often  unnatural,  which  presents  the  opposite  extreme 
of  the  great  panorama  of  world-life.  It  is  significant 
that  almost  at  the  same  time  that  mathematical  reason- 
ing found  its  way  into  natural  history,  conquering  an  ex- 
tensive province  of  its  vast  territory,  an  entirely  different 
method  was  invented  with  the  aim  of  dealing  in  a  still 
more  vigorous  manner  with  the  phenomena  of  human 
life  and  society.     This  was  the  science  of  statistics,  and 

^  CuTior  givea  tovae  figures  aa  to  I   LininBua  had  counted  in  177S  about 

the  increBM  of  the  known  Hpecies  SOOO  species  of  plants.     Cuvier  in 

juring  his  own  lifetime.    Lac^pdde  1824    utimatea    the    number    aa 

bad  dMcribed  about  1200  or  1300  |   5l),000or  more  (B«e 'Klines,' vol.  iJL 

distinct  Bpedes  of  fiahe*}  but  when  p.  iBB,  Ac,  where  he  al»o  gives  some 

Cuvier    pronounced   bU   Eloge    in  idea    of   the    numbers   of    known 

1829,  the  Cabinet  du  Soi  centred  speciee  in  the  different  datsea   of 

alrpad;    more    than    GOOO   specie*  |  auimalB). 

4'Elog«shi>loriques,'voLuip.S17).  I 
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connected  with  it  the  doctrine  of  averages  and  the  mathe- 
matical theory  of  probabilitiea.^     The  same  gieat  mind 


another  departm«Dt  o!  matbeuutics 
b;  tba  'Duquuitionu  Arithmetioc' 
of  Qauu  (1801).  Up  to  the  pres- 
ent day  there  eiUt  differencea  of 
opiiiioD  M  to  the  value  of  the 
•cieoce,  tbe  two  oppoaite  views  be- 
ing represented  in  thi«  country  by 
MiIl['Logn!,'6thed.,vol.ii.p.  92) 
»Dd  Jevona  ('  Priaciples  of  Science,' 
vol.  L),  the  latter  aummiDg  up  his 
opinion  an  follow*  i  "!□  spite  of  itH 
iameoBe  difficultjei  of  ftpplicatitm, 
and  the  tuperajons  which  have  beoD 
mistakenly  cut  upon  it,  the  theory 
of  probalolitieB  ia  the  nobleat,  aa  it 
will  in  course  of  time  prove  perhapt 
the  moat  fruitful,  bruich  of  maUie- 
matical  science.  It  ia  the  very 
guide  of  life,  and  hardly  can  we 
take  *>  step  or  make  &  deciaion  of 
any  kind  without  correctly  or  in* 
correctly  making  an  eatimation  of 
[irobabilit^  "  (lit  ed.,  p.  24S).  A 
similar  opinion  seems  to  have  been 
held  b;  Jamea  Clerk  Maxwell  (see 
Life  by  Campbell  and  Oamett,  p. 
143),  who  c&lled  the  calculus  of 
probabilities  "  Hathematics  for 
practical  men."  In  Ihia  country 
A.  de  Horgtin  Mid  Todbuater,  tbe 
former  in  a  popular  easay  in  tbe 
'  Cabinet  Cyclupcedia '  and  in  a 
profound  treatise  in  the  '  Encyclo- 
ptedia  Metropolitsna,'  the  latter  in 
hia  well '  known  History  (London 
and  Cambridge,  1865),  have  done 
a  great  deal  to  make  this  subject 
better  underatood.  The  applica- 
tions of  the  theory  have  gradually 
increased  through  numerous  mor- 
tality and  insurance  calculations ; 
as  also  in  the  eetimatioua  of  error 
in  astronomical  and  physical  ob- 
servations,  where  the  well-known 
method  of  least  squares  (Srst  em- 
ployed by  Gauss  in  1196,  see  Oauss, 
Werke,  vol.  viL  p.  242 ;  first  pub- 
lished by  L^endre  in  ISOfl,  and  then 
proved  by  Ltplsce  to  his  'Throne,' 


I  The  beginninsa  of  the  snence 
and  theory  of  probabilities  are  not 
subject  to  controversy,  as  were 
thoaa  of  the  inEniteeiinal  calculus. 
Pascal  and  Fenhat  about  the  middle 
of  the  seventeenth  century  entered 
into  a  correepondence  relative  to  a 
question  in  a  game  of  chance,  pro- 
pounded by  the  Chevalier  de  jdiri, 
a  noted  gambler.  They  agreed  io 
their  answer,  hut  could  not  con- 
vince their  friend,  who  moreover 
made  this  the  occasion  of  denounc- 
ing the  results  of  science  and  arith- 
metic. But  this  compantively  in- 
signiQcant  problem  —  so  difTerent 
from  the  great  coemical  problems 
which  led  to  the  invention  of  the 
infinitesimal  calculus  about  the 
same  tJme  — was  the  origin  of  a 
series  of  investigations  and  discus- 
sions in  which  the  greatest  mathe- 
maticiana,  such  as  Huygeui,  James 
and  Daniel  Bernoulli,  De  Moivre, 
D'Alembert,  and  Condorcet  joined. 
Host  of  them  did  not  escape  the 
errors  and  misstatements  which 
creep  in  an  insidious  manner  into 
thediaciuaion  and  vitiate  the  conclu- 
siooB.  Id  fact,  tbe  science  advanced 
through  the  infiuence  of  those  who 
depreciated  it  like  D'Alembert,  and 
those  who  exaggerated  its  import- 
ance like  Condorcet.  At  length, 
under  the  hands  of  Laplace,  who 
deGued  it  as  common-aenae  put  into 
figures  and  attributed  to  it  a  high 
educational  value,  it  assumed  a  state 
welluigh  approaching  to  that  per- 
fection which  Euclid  gave  to  geo- 
metry SJid  Aristotle  to  logic  Since 
the  publication  of  Laplace's  cele- 
brated 'Theorie  analytiquedes  Pro- 
babilit^s'  (Paris,  1812)  writers  on 
the  subject  have  found  ample  oc- 
cupaUoQ  in  commenting  on  the 
theorems  or  recasting  the  proofa 
given  in  that  work,  which  holds  a 
similar  position  to  tliat  occupied  in 
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vbich  elaborated  the  principleB  of  Newton  into  a  system 
of  the  UDiverse,  and  attacked  the  intricate  mathematical 
problem  which  this  system  presented,  gave  to  the  world 
likewise  the  first  complete  treatise  on  that  calculus  which 
comes  into  play  if  we  eliminate  from  the  apparently  most 
arbitrary  r^on  of  phenomena,  that  of  human  hfe  and 
history,  all  r^ard  for  final  or  efBcient  causes,  for  provi- 
dential design  and  freewill,  for  human  error,  human  malice 
and  benevolence — in  fact,  all  notice  of  that  element  which 
from  another  and  equally  important  point  of  view  forms 
the  subject  of  greatest  interest — the  inner  life  of  the  in- 
dividual It  was  proposed,  and  it  has  since  been  carried 
out,  to  look  upon  human  beings  and  human  events  not  as 
things  possessed  of  an  inner  world  of  thought  and  freewill, 
but  as  lifeless  units,  more  uniform  and  regular  than  the 
balls  thrown  into  the  urn  at  an  election,  or  the  counters 
in  a  game  of  chance.  By  overstepping  with  one  bound 
the  great  field  of  human  activity,  full  of  eo  much  con- 
fusion and  so  much  interest,  it  was  proposed  to  investi- 
gate what  knowledge  would  result  from  a  purely  mathe- 
matical inspection,  in  which  human  beings  figured  merely 
as  units  and  symbols.'     This  attempt,  which  has  since 

cal  "  and  the  "  atatiatical  method  " 
of  treating  phsnomena,  and  the 
application  of  the  Utter  U>  tb» 
kmetic  theory  of  gasea  (aee  Life, 
pp.  488,  Ce2).  Thii  subject  irill 
occupy  our  attention  in  a  ipecial 
chapter. 

'  The  beginnings  of  the  icience  of 
BtatiHtics  beloDg  likewise  to  the  age 
that  produced  the  higher  mathema- 
tics. More  eitenaive  "countinga" 
seem  to  have  been  cootemporaneoua 
with  more  refined  calculattoDB.  Her~ 
Duuin  Conring,  proteaeor  at  Helm- 
■tiidt,  ■  friend  of  Leibnif  (•«•  Leib- 


kc,  1812}  in  now  extenaiTely  em- 
ployed. Of  Ibii  branch  of  matha- 
matica  Bertrand  says:   "Lea  plua 

^"  ~'>mMree  ont  { 

I  probability 
tona  ont  commii  dea 
eaiue  en  eet,  le  plua  aouvent,  au 
<  d£iir  d'appliquer  dea  priacipes  k 
dee  prDbl4me8  qui  par  leur  nature 
&:happent  k  la  acience."  In  the 
handa  of  Clerk  Uaiwell  the  cal- 
culua  baa  acquired  an  additional 
inteieat  and  importance  through 
the  diatiuction  mijcb  he  made  be- 
tween what  he  termed  the  "htatori- 
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led  to  Bucb  iDteresting  results,  and  which  has  furnished 
almost  all  the  knowledge  upon  which  a  judicious  regula- 
tion and  government  of  society  depends,  was  the  work  of 
lAplace,  and  was  produced  in  an  ^e  and  in  a  nation 
which  seemed  to  have  set  at  naught  all  ideas  of  order  and 
method  in  human  affairs,  which  defied  all  authority  and 
all  tradition,  and  trusted  its  fate  to  the  most  radical 
revolution  which  civilised  society  ever  witnessed.' 

It  is  curious  to  read  the  criticism  which  the  first 
Napoleon,  that  wayward  child  of  the  Eevolution,  passed 
on  the  author  of  the  mechanics  of  the  heavens  and  the 
theory  of  probability.  Laplace,  like  so  many  other  men 
of  science,  had  been  called  by  the  Emperor  to  assist  in 
the  labours  of  administration,  but,  according  to  his  judg- 
ment, proved  himself  a  poor  administrator,  being  unable 


nJE's '  PhiloaophiBclie  Schriften,'  ed, 
Oerhordt,  vol.  i.  p.  1S5),  lectured 
about  leso  on  aubjecta  now  com- 
prised  under  tb«  term  "  Sl«tUtio«," 
And  Kbou  tthe  earns  timeJohnOrtiunt 
of  London  publuihed  '  Nfttunl  and 
Political  AoDotetions  mode  upon 
the  Bills  of  Mortality'  (1666).  Sir 
William  Petty,  one  of  the  (oundera 
of  the  Hojal  Society,  publiabed  iu 
less  'Five  FMMji  in  Political 
Arithmetick.'  The  nenl;  discov- 
«red  calculus  of  probabilities  in- 
duced maths  tnaticiana  to  take  an  in- 
terest in  the  subject,  and  to  urge  the 
rileairabilityof  gMuing  data  for  their 
'Calculations.  Uany  of  theae  turned 
upon  queationa  of  mortality  and 
the  ravages  of  diaeisea,  guch  aa  the 
emallpoi.  But  though  uudoubt- 
'ediy  the  fact  that  during  the 
French  Rerolution  mathematicians 
{or  the  fint  time  bad  a  great  in- 
fluence in  administrative  and  gov> 
emmental  matters  contributed 
enoraioual;  to  the  introduotiou  of 
fStatUtical  methods,  the  great  epoch 


in  this  science  is  allied  with  the 
name  of  the  Belgian  Quetolet 
(1796-1874),  ot  whom  more  later 

>  Cantor   ('  Hislorieche    Notiien 
liber   die  Wahrscheinlicbkeitsrech- 

nuQg,'  Halle,  1874,  p.  6)  says: 
"The  tendency  of  thought  which 
prepared  the  Revolution,  and  which 
is  marked  by  so  uaapariag  and  de- 
■tractive  criticism  of  the  conditions 
ot  society  in  state  and  family,  could 
not  dispense  with  an  iostrument 
which,  more  than  any  other,  enables 
one  to  subject  to  general  views  the 
most  diSerent  fEu^ra  of  civilisaCioo. 
It  belonged  to  the  favourite  ideas  of 
that  age,  that  the  oalculua  of  proba' 
bilitiea  should  be  among  the  most 
important  subjects  of  public  in-  . 
structioD ;  for  it  was  sud  to  be  the 
calculus  of  common-aenae,  through 
which  alone  the  influence  of  hope, 
fear,  and  emotion  on  our  jud^ent 
could  be  destroyed,  and  prejudice 
and  superstition  removed  from  the 
decisions  of  social  life. " 
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to  grasp  practical  iBsues,  and  alwaya  desceDding  into  in- 
finitesimala.  It  is  hardly  to  be  doubted  now,  after  the 
lapse  of  a  century,  that  the  infiniteeimals  of  Laplace  play 
a  more  important  part  in  problems  of  administration  and 
government  than  the  ideas  of  Napoleon.  Laplace,  un- 
like Bome  other  great  scientific  thinkers,  attached  great 
value  to  a  popular  exposition  of  the  principles  of  his  dis- 
coveries. Descartes  required  a  Fontenelle  and  Newton  a 
Voltaire  to  make  their  ideas  accessible  and  useful  to  the 
mass  of  Btudente.  Laplace  was  his  own  Fontenelle  and 
"Voltaire.  "  Few  works,"  says  Sir  John  Herschel,  "  have 
been  more  extensively  read,  or  more  generally  appreciated, 
than  Laplace's  '  Easai  pMlosophique  sur  les  Probabilit^s,' 
and  that  on  the '  Syst^me  du  Monde '  by  the  same  author. 
It  is  not,  perhaps,  too  much  to  say  that  were  all  the 
literature  of  Europe  to  perish,  these  two  essays  excepted, 
they  would  suffice  to  convey  to  the  latest  posterity  an 
impression  of  the  intellectual  greatness  of  the  age  which 
could  produce  them,  surpassing  that  afforded  by  all  the 
monuments  antiquity  has  left  us.  Previous  to  the  pub- 
lication of  the '  Essai  philosophique,'  few,  except  professed 
mathematicians  or  persons  conversant  with  assurances 
and  similar  commercial  risks,  possessed  any  knowledge  of 
the  principles  of  this  calculus,  or  troubled  themselves 
about  its  conclusions,  regarding  them  as  merely  curious 
and  perhaps  not  al  tc^ther  harmless  speculations.  Thence- 
forward, however,  apathy  was  speedify  exchanged  for  a 
lively  and  increasing  desire  to  know  something  of  a  system 
of  reasoning  which  for  the  first  time  seemed  to  afford  a 
handle  for  some  kind  of  exact  inquiry  into  matters  no  one 
liad  ever  expected  to  see  reduced  to  calculation,  and  bear- 
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ing  on  the  most  important  concerna  of  life.  Men  b^aa 
to  hear  with  aurprise,  not  unmingled  with  aome  v^ue 
hope  of  ultimate  benefit,  that  not  only  births,  deaths,  and 
marriages,  bat  the  decisions  of  tribunals,  the  results  of 
popular  elections,  the  influence  of  puniahmentB  in  check- 
ing  crime,  the  comparative  vatne  of  medical  remedies  and 
different  modes  of  treatment  of  diseases,  the  probable 
limits  of  error  in  numerical  results  in  every  department 
of  physical  inquiry,  the  detection  of  causes,  physical, 
social,  and  moral — nay,  even  the  weight  of  evidence  and 
the  validity  of  logical  argument — might  come  to  be  sur- 
veyed with  that  lynx-eyed  scrutiny  of  a  dispassionate 
analysis,  which,  if  not  at  once  leading  to  the  discovery  of 
positive  truth,  would  at  least  secure  the  detection  and 
proscription  of  many  mischievous  and  besetting  fallacies." 
Both  ways  of  approaching  the  intricate  phenomena  of 
natm:«  and  history,  that  of  mechanics  dealing  with  the 
general  laws  of  motion  and  of  lifeless  masses,  and  that 
of  statistics  dealing  with  the  arithmetical  properties  of 
lai^e  numbers  of  units,  leave  out  of  consideration  that 
hidden  and  mysterious  phenomenon  to  which  alone  is 
attached,  if  not  order  and  method,  yet  certainly  all 
that  commands  intei-est  in  the  created  world :  the  factor 
tt.  of  life — the  existence  of  individuality.  The  view  which 
Biiio«i"<s  Laplace  took  of  the  universe  or  of  human  affairs  is  an 
f  tE^n.  attempt  to  see  how  far  science  and  reasoning  can  go 
diSld^tj.  while  disregarding  the  principle  of  individuality.'     The 


■  Sea  Clerk  Uuwell  od  '  Science 
uid  Freewill'  (Life  by  Campbell 
and  Oarnett,  p.  4SS) :  "  Two  kiDds 
of  knowledge,  which  we  may  call  for 
conveDieDce  dynamical  and  statii- 
tical.      The  sUtietical   method  of 


inieetigatiiig  social  queitioQs  has 
Laplace  for  its  moat  acientific  mod 
Buckle  for  ita  moat  popular  ex- 
pounder. FenoDS  are  grouped 
according  to  tome  cbaract«rutie, 
and  the  number  of  persona  forming 
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method  has  been  moet  fruitful,  and,  far  from  being  ex- 
hausted, promlBOB  undreamt  of  resnlts  in  the  future.  It 
was  probably  more  from  the  desire  to  keep  his  view 
dear  and  his  method  simple,  than  with  any  neceBsarily 
sceptical  tendency,  that  when  Laplace  was  questioned  by 
Napoleon  how  it  was  that  in  the  great  Tolumes  of  the 
'  M^canique  celeste '  the  name  of  Glod  did  not  appear,  he 
replied,  "  Sire,  je  n'ai  pas  besoin  de  cette  hypothfesa" 

But  French  science  did  not  leave  that  great  field  of 
research  uncultivated,  which  is  the  very  playground  of  ^ 
individual  life.     Its  cultivation  was  the  work  of  that  ^ 
other  great  representative  of  French  science — the  con- "' 
temporary  of  Laplace — Geoi^es  Cuvier.'     Linnaeus  had 

an  inagimuj  being  oiled  th«  HMn 


the  group  U  Mt  down  under  tliAt 
ch>nu»eriBtic  'Tbii  ia  Ibe  raw 
material  from  which  the  ttatiit 
eadea*onn  to  deduce  genratkl  theo- 
rema  in  todcdogj.  OUier  itudenta 
of  human  tuiture  proaeed  ou  a  dif' 
ferent  plan.  Tbe^  observe  indi- 
vidual men,  lacertain  thair  hiatory, 
analjae  tb«^  motivee,  and  compare 
their  expeotation  of  what  the;  will 
do  with  their  actual  conduct.  This 
may  be  called  the  dynamical  method 
of  study  M  applied  to  man.  How- 
erer  imperfect  tbe  dynamical  itudjf 
of  man  nu;  be  in  practice,  it  evi- 
deotl;  ia  the  only  perfect  method 
in  principle,  and  ite  ebortcominga 
ariae  from  the  limitation  of  our 
powers  rather  than  from  a  faulty 
method  of  procedure.  If  we  be- 
take ourselves  to  the  statiiticsl 
method,  we  do  BO  confeesing  that 
we  are  unable  to  follow  the  details 
of  each  individual  case,  and  expect- 
infl  that  the  effecta  of  widespread 
CMuea,  though  very  dJB^nt  in  each 
individual,  will  produce  an  average 
reaiilt  on  the  whole  nation,  from  a 
study  of  which  we  ma;  eetlmate 
the  character  and  [vopeoutiea  of 


I  It  ia  not  necewary  here  to  ex- 

Slain  the  reasons  wluch  have  in- 
uced  me  to  confine  myaelf  mainly 
to  the  two  great  names  of  Laplace 
and  Cuvier  as  the  great  repre- 
sentativee  of  the  eiAct  tdentific 
spirit,  aa  it  first  asserted  its  su- 
premacy in  France,  and  from  ther« 
gradually  fought  its  way  all  over 
Europe.  To  me  it  seems  that  no- 
where haa  this  modern  scientific 
spirit  been  represented  in  greater 
completeness  and  greater  purity. 
This  is  so  much  tbe  more  remark- 
able, as  other  influences  and  tempta- 
tions were  not  wanting  in  that  age 
and  country  which  might  have  in- 
terfered with  the  application  of 
the  purely  scientific  method.  The 
scientific  spirit  is  in  danger  of  being 
contaminated  by  two  iotereets  which 
are  essentially  foreign  to  it:  the 
one  is  the  practical,  the  other  the 
pbiloaopbicaL  Frequently  tb^  are 
unitedj  and  when  united  their  infiu- 
ence  on  the  progrees  of  science  has 
frequently  been  disastrous.  In  no 
department  of  knowledge  has  this 
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begun  the  work  of  natural  history  by  inventing  a  system 
of  classification  and  a  technical  language  or  nomenclature. 
Buffon  in  his  brilliant  and  el^ant  portraits  had  cost  around 
it  the  charms  of  poetiy  and  romance.  Juseieu  had  im- 
ported botany  from  Sweden  into  France,  and  in  the  garden 
of  Trianon  had  given  a  living  model  of  the  arrangement 
of  plants;  botanising  had  become  popular  through  the 


union  of  the  praetic&l  aod  philo- 
sophical spirit  be«u  more  marked 
thui  in  the  medical  iciences.  EaaeD' 
ti&lly  interested  u  it  i*  ia  tbe  im- 
mediate application  of  scientific  dis- 
coveries  to  the  needs  of  auSering 
tauikind,  we  witoeas  in  the  courHO 
of  the  seventeeoth  and  eighteenth 
centuries  a  one-sided  alliance  of  tbe 
art  of  healing  with  chemistry  (Sylvi- 
u>.  iei4-16;2),  with  physics  (Borelli, 
lS0S-1679),and<rith  mechanic!  (Pit- 
caim,  ieG2-1713),  and  the  reaction 
of  the  animisU  (Stahl,  1060-1734, 
and  Hoffiuann,  ieQO-1742),  and  the 
Titaliets  (Bordeu,  1722-1770,  and 
BarthBE,  !73i-180e).  A  large  por- 
tion of  the  history  of  medicine  (see 
Haeser,  '  Qeschichte  der  Hedicin,' 
Jena,  18S1,  voL  ii.,  and  OuardJa, 
'  Histoire  de  la  M^decioe,'  Paris, 
1S84)  conaiate  in  the  account  of  tbe 
oppoaition  to  premature  generalisa- 
tions, adopted  from  other  sciences, 
or  still  more  dangerously  from  meta- 
phyaica.  Aa  eiamples  of  the  meta- 
physical tendency  we  have  the  Scotch 
lystoms  of  CuUen  and  Brown,  and 
the  German  "Philoaophy  of  Nature." 
The  reasons  why  philoaophy  hu  ao 
frequently  allied  itaelf  with  medi- 
cine, thus  preventing  the  purely 
scientific  spirit  from  gaining  ad- 
mission, are  twofold.  "  Young 
men,"  aaya  Cuvier,  "adopt  theae 
theories  with  enthusiasm,  because 
they  seem  to  abridge  their  studies 
and  to  give  a  thread  in  an  almoet 
inextricable  labyrinth"  ('Bapport,' 
p.  383).  The  other  reason  ia  that 
the  art  of  heeling  bu  as  much  a 


psychological  aa  a  physical  aide, 
and  a  philanthropic  aa  much  aa 
a  scientific  interest.  In  respect  of 
this  it  ia  well  to  note  that  the  age 
and  country  which  gave  to  Europe 
the  great  models  of  purely  scientific 
research  in  Laplace  and  Cuvier  was 
rich  also  in  great  thinkers  who 
applied  themselves  in  a  philoso- 
phical epirit  to  the  advancement  of 
scientific  and  practical  medicine,  to 
the  reform  of  boepitala,  to  the  cars 
of  the  insane,  to  the  education  of 
tbe  deaf  and  dumb.  The  whole 
school  of  the  ideologues,  headed  by 
Condorcet,  Csbanis,  and  Destutt 
de  Tracy,  was  closely  allied  with 
the  medical  profession.  But  bow- 
ever  important  this  side  of  French 
thought  ma;  have  been,  its  in- 
fluence on  the  rest  of  Europe  at 
that  time  cannot  be  compared 
with  that  of  the  purely  acientific 
writings  belonging  to  mathematica 
and  natural  science.  Such  names 
aa  Cabanis  and  Bichat  belong  to 
a  diSbrent  current  of  European 
thought,  which  I  purpoaely  separate 
from  the  exact  or  purely  scientific 
And  thia  separation  is  justified  his- 
torically by  the  fact  that  in  the 
Acadijmie  dea  Sciences  for  a  con- 
eiderable  time  medical  science  was 
only  meagrely  represented,  whilst 
philosophy  during  the  period  of  the 
suppression  of  the  Academic  de> 
Sciences  morales  et  politjques,  from 
1803-1832,  hod  no  academic  re- 
prescDtation  at  all.  Tbe  great 
name  of  Bichat  is  not  among  the 
Academiciana,  and  Cuvier  himself 
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writioga  of  Eouaseau ;  gardening  and  th«  study  of  plant- 
life  had  become  a  royal  pastime,  and  a  favourite  recrea- 
tion for  those  oppressed  with  the  troubles  of  the  State 
or  the  sorrows  of  private  life.  Cuvier,  while  asking  the 
reason  why  other  portions  of  natural  history  had  not 
shared  the  same  attention,  breaks  out  into  the  following 
eloquent  words:  "The  study  of  animals  presents  diffi- 


ezplftinB  the  eicluaive  attitude  of 
the  Aodemy  tp  the  medical  pro- 
frsaioD  in  hia  Elc^n  of  Unlld,  Cur- 
Timrt,  and  Pinei  ('  Elogw,'  vol.  iii.  p. 
339,  kc)  See  aUo  Maury  (p.  804) : 
"  Lea  BcteDoei  phruquei,  chimiquea 
et  Datarelle«  avaient  pris  uiie  t«11e 
exhmsioD  dans  lee  trayaux  de 
rAcaddmie,  qu'b  la  Gn  du  dii- 
huitiftme  aiicle,  la  mddecine,  qui 
□';  avait  jamais  6t6  au  rsite  bien 
largemeDt  repr&eat4e,  fut  de  plui 
en  plua  rel^^te  II  I'amire  plan  ; 
ce  D'dtait  plus  que  de  loin  en  loin 
que  les  mddecitu,  lea  chirurgiens  de 
la  Compagnie,  .  ,  .  y  pr^eataient 
dea  obaervationB  Bur  das  points 
mMicaux.  ...  La  m^deciDe.  qui, 
•elon  la  juste  observation  de  Cabanis, 
tend  aux  hypotheses  par  la  uature 
mSmedusujetauquelellee'applique, 
n'offi^t  point  aasez  de  coust'uice 
dans  ses  priudpea  et  d'^vidence 
dona  sea  d^moDstrations  pour  latds- 
fure  dec  esprita  qui  se  ddtachaient 
toua  les  jours  davantoge  des  vieilles 
Bpfcalations  de  I'^cole.  Cast  ce  qui 
cxplique  le  peu  de  faveur  qu'elle 
raDcontnutbrAcadrimie."  Tuvhat 
extent  this  rigid  demarcation,  ac- 
cording to  which  ' '  obaerrationa 
relktiTes  aux  dispnsitianH  moTales 
et  intellectaelles  des  individua 
n'entrent  aasur^ment  dans  les 
attributions  d'auoune  ocad^mie  des 
sciences  "  ('  M^moirea  de  I'Institut,' 
vol.  ix.  p.  110),  wai  betie&cial  to 
DMdic*]  sdence  is  an  important 
■    *■    I   of 


awarded  out  of  SO  memben  only  6 
to  medicine  and  surgery  combined, 
and  in  the  "  nuuvelle  organisation  " 
oE  3rd  pluviose,  an  xi.  (23rd  January 
1803],  there  ore  6  members  out  of 
63.  This  seoUoD  is  given  as  the  last, 
even  after  "ficonomie  rtirale  et  art 
T^tiMnaire"(BeeAucoc, '  L'lDstitut,' 
p.  3,  to.)  It  is  intereating  to  note 
how  in  contrast  t«  this  the  medical 
profession  occupied  for  a  long  period 
a  f  oremoat  place  in  the  Royal  Society 
of  London,  no  much  so  that  fre- 
quently opposition  was  made  to  the 
admission  of  new  memben  belong- 
ing to  it  (see  Weld,  '  History  of  the 
Royal  Society,'  vol.  i.  chsp.  i ;  vol. 
ii.  p.ie3}.  OEG830 papers contuned 
in  the  '  Philosophicul  Transactions ' 
from  leSG  to  1S4S,  1020,  the  largest 
number  in  any  department,  belonged 
to  anatomy,  physiology,  and  medi- 
cine (ibid.,  vol.  ii.  p.  BBS).  Babboge 
complaineid  of  the  influence  of  the 
Colleges  of  Physicians  and  Surgeons 
in  the  Royal  Society,  aa  occasionally 
filling  the  pages  of  the  'Transac- 
tiona  with  medical  papers  of  very 
modemte  merit ;  and  also  because 
the  preponderance  uf  the  medical 
interest  introduces  into  the  Society 
some  o(  the  jealousiea  of  that  pro- 
fession ('Decline  of  Science  in  Eng- 
land,'13S0,  p.  18S).  In  the  founda- 
tion of  the  British  Association  this 
union  with  the  medical  interest 
was  dropped ;  though  the  older 
"  Versamnilung  deutscher  Natur- 
foracher  und  Ante,"  after  which 
it  was  modelled,  established  and 
maintained  that  unioD. 
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culties  which  only  great  zeal  can  surmount;  we  have 
to  subject  them  to  tonnents  in  order  to  appreciate  their 
physical  powers ;  their  innermost  enei^es  only  reveal 
themselves  to  the  disBecting-knife — only  by  living  among 
corpses  can  we  discover  them.  Among  them  we  find  the 
same  spectacle  as  in  the  world,  whatever  moralists  may 
say :  they  are  hardly  less  wicked  or  less  unhappy  than 
we  are;  the  am^nce  of  the  strong,  the  meanness  of 
the  weak,  vile  rapacity,  short  pleasures  bought  by  great 
efforts — death  brought  on  by  long  suffering — that  is  the 
rule  among  animals  as  much  as  among  men.  With 
plants  existence  is  not  surroimded  by  pain — no  sad 
image  tamishee  their  splendour  before  our  eyes,  nothing 
reminds  us  of  our  passions,  our  cares,  our  misfortunes — 
love  is  there  without  jealousy,  beauty  without  vanity, 
force  without  tyranny,  death  without  anguish — nothing 
resembles  human  nature." ' 

Into  the  centre  of  individual  and  organised  life — the 
life  of  the  animal  and  human  creation — Cuvier  carried 
exact  research,  grounding  it  on  the  science  of  compara- 
tive anatomy.^  At  the  same  time,  he  marked  out  as  the 
principal  problem,  around  which  all  investigations  must 
turn,   and   upon   which   all   classification    must   depend, 

'  'Elc)ge8hUU)riquea,'Tr>Li.  p.  91,  I  ogy  march  side  bj  (Me  (p.  H).     He 

*  CuTier,  in  the  Introduction  to  comparaDaturftlhiatorjMaacieDce 

'LeS^aaDimBl,  dutribudd'apr^  |  with  other  acieticeB,   aUting  that 

■OD  organiiatioD,  pourBervirdeliMe  |  djnamica  U  become  a  Bcieoce  alioiiBt 

k  rhiBloire  naturelle  des  animaux  i  entirely  of  oalcuUtioD,  that  chem- 

et  d'introduction  k  I'aiiatomie  com-  ,  istrf  is  still  a  icieace  altogether  of 

par^'  (Paris,  1817),  n;a  that  for  ,  eiperimeiita,  that  natural  hietory 

tiiirly  yean  he  had  devoted  to  com-  ,  will  for  a  lung  time  to  come  remain 

parative  anatomy  all  hia  time  (p.  i  in  taout  of  ita  part*  a  ecieDoe  oE  ob- 

v),  that  the  firat  t«autta  had  ap-  lerTation  (p.  G) ;  he  muntaina  that 

pMred  in  17SG,  hia  '  Le^ni  d'Ana-  geometry  ia  a  study  of  lyllogiama, 

tomie  compart'  in  1800  (p.  i>ii),  |  natunl  hiitory  a  atudy  of  method 

that  h«  has  made  anatomy  aiid  lool-  '  (p.  sriii). 
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the  phenomenon  of  individual  life,  that  great  vortex  into 
which  agencies,  proceBees,  and  the  elements  of  inorganic 
nature  are  continually  drawn,  from  which  they  are  con- 
tiniially  ejected,  preserving  not  the  unity  of  eubetuice 
but,  among  chatting  evente,  the  unity  of  fonn.' 

"  It  JB  not,"  he  says,  "  in  the  substance  that  in  plants 
and  animals  the  identity  of  the  species  is  manifested,  it  is 
in  the  form.  There  are  probably  not  two  men,  two  oaks, 
two  rose-trees,  which  have  the  compound  elemente  of 
their  bodies  in  the  same  proportion — and  even  these 
elements  change  without  end,  they  circulate  rather  than 
reside  in  that  abstract  and  figured  space  .which  we  call 
the  form ;  in  a  few  years  probably  there  is  not  left  one 
atom  of  that  which  constitutes  our  body  to-day — only  the 
form  is  persistent ;  the  form  alone  perpetuates  in  multiply- 
ing itself ;  transmitted  by  the  mysterious  operation  which 
we  call  generation  to  an  endless  series  of  individuals,  it 
will  attract  successively  to  itself  numberless  molecides  of 
ily  transient."  * 


difTerent  matter,  all  of  them 

'  "  La  vie  eet  done  un  toiirbillon 
pins  on  moinB  rapide,  plus  ou  moiDS 
compliqud,  dont  U  direction  eat 
oMWtante,  et  qui  eutrstne  toujoura 
dM  EDol^culea  de  mfimes  aortea, 
mais  oEi  lea  molAculea  indiviituellea 
entrent  et  d'ob  ellei  wirteDt  oaa- 
tanuallameDt,  de  numi^  que  la 
forme  du  corpi  vlvant  Ini  eat  plua 
«H«DtieUe  que  la  matiiire  "  ('  Bigoe 
animal,'  p.  18,  te.)  "II  vient 
aaog  cesM  da  ^meota  du  dehon 
eu  deduu  :  il  a'en  dchappa  du  de- 
dani  an  dehon :  tonte*  lea  pMtiea 
■out  duu  un  tonrbilloD  oontiuuel, 
qui  est  une  condition  eaeentielle  da 
phinomine,  at  que  nou*  ne  poutoub 
auBpendre  loDrbempa  aana  ['ureter 
pour  jamaia.  Lea  br^nchea  lee  plul 
aiatpiee  de  lliiatoire  naturelle  par- 
TOL.  L 


ticipent  d^jli  k  oette  complication 
et  il  ce  mouvemeDt  perpdtuel,  qui 
rendent  ai  difScite  I'application  dei 
■ciencee  g6o6niiev  "  ('Happort,'  p.  1 60, 
Ac)  "  Dam  tea  corps  viTane  chaque 
partie  a  aa  compodtion  propra  et 
distincM;  aucune  de  leurs  mol^- 
culea    ne   reate    en   place ;   toutea 


la  vie  eat  un  tourtriUon  ooaCinuel, 
dont  la  direction,  toute  compliquce 
qu'elle  eat,  demeure  comtante,  linEi 
que  I'espice  dea  mol^ulea  qui  t 
aont  entrain^,  maia  non  lee  moli 
ouleBindividuelleBellea-memea.  ,  . 
Alnai  la  forme  de  cea  corpa  Icur  eet 
plUB  eaaantjelle  que  leur  mati^," 
4o.  (ibid.,  p.  200}. 

■  'Elogea  hiatoriquea,' Tol.  iii.  { 
168. 
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Keeping  this  unity  of  form,  this  abBorbing  vortex  of 
life,  the  totality  of  organisation,  always  before  htm, 
Cuvier,  in  surveying  the  whole  region  of  animated 
nature,*  fixes  finally  for  the  purposes  of  classification  and 
division  on  that  system  of  organs  which  expresses  most 
truly  the  peculiarity  of  each  of  the  great  branches  into 
which  he  divides  the  animal  world — namely,  the  nervous 
syBtem.*     But  rather  than  follow  him  at  present  int«  the 


'  "  La  partie  aDatomique  du  prob- 
Ikne  g^D^tal  da  la  vie  Mt  r^olue 
depui«  toDgUmpi  pour  lei  BDimaux, 
ku  moim  pour  ceux  d'entre  eui  qui 
noua  ipMreaient  Is  plus.  Lee  voiei 
que  lea  «ubet«oc«a  3  parcoureot, 
tont  conDuea ;    .    .    .    il  aperf oit 


pliqu^  dans  I'homiae,  ee  aimpli- 
fienl  piT  degr&  dana  let  animaui 
inferieun,  et  flniueot  par  «e  r^uire 
i,  una  apongiogit^  uDifonne.  Lea 
recherctiee  de  M.  Cuvier — dona  les 
lejons  d'anatomie  compart — out 
acherd  d'aasigner  ii  chaque  animal 
sa  place  dana  la  grande  ^betle  den 
compUcatiooa  de  atructure"  ('Rap- 
port,' p.  202,  fcc) 

*  It  i»  not  my  object  here  to  give 
an  account  of  the  views  of  Cuvier, 
•till  leu  of  hi«  contributioTiB  to 
natural  hietor;,  which — in  spite  of 
the  special  theorise  and  lawa  wliich 
he  and  hia  followera  eatabliehed  (aee 
especiallj  Flourene,  'Histoire  dea 
Travaui  de  Georgea  Cuvier,'  8"™ 
iA.,  I8S8) — remaJDed  in  his  hands 
Xo  the  last  pre-eminently  a  science 
of  observation.  It  has  been  pointed 
out  that  Cuvier  only  graduallf  (pro- 
bably about  181S)amved  at  the  final 
principle  of  division — ru.,  di«  ner- 
vous ajstem— and  that  he  adopted 
it  from  others  (notably  Virey  and 
De  Blainvilla),  that  before  1S12  he 
had  succeesively  used  the  organa  of 
generation  (1795),  of  nutrition,  and 
of  drcutation  a«  principlea  of  daa- 
MficaCion.    In  bis  Seport  of  1608, 


in  mentioning  his  own  labours,  ha 
says :  "  M.  Cuvier,  en  itudiaot  la 
phyaiologie  des  animaux  vert^br^ 
a  trouve  dans  la  quantity  respective 
de  leur  respiration,  la  raison  de  leur 
quantity  de  mouvemens,  et  par  con- 
Kquent  de  t'eapbce  de  cea  auuve- 
mens.  ...  En  eftet,  H.  Cuvier, 
ayant  eiamind  les  modifications  qu' 
^pTDuvent  dana  les  animaui  sana 
vert^brea  lea  organei  de  la  circula- 
Uon,  de  la  respiration,  et  des  senu- 
tions,  et  ayant  calculi  lea  r^ultats 
n^cesaaires  de  cea  modifications,  en 
a  dMuit  une  division  nouvelle  oil 

leurs  v^ritablaa  rapports"  ('Rap- 
port,' p.  311,  &c.)  Compare  also 
CaruB,  'Grachiohte  der  Zoologie,' 
Miinchen,  1872,  p.  602  ;  Ftoi,irens, 
"  Eloge  de  Cuvier,"  in  his  '  Elottea 
historiquea,'  3""  airie,  Paris,  1862, 
p.  122,  Ac  :  Hahn  in  the  '  Orande 
EncyclopMie,' article  "Cuvier."  See 
also  the  Introduction  to  the  '  Kigne 
animal,'  which  proposes  to  arrange 
living  bungs  according  to  their  "  or- 
ganisation, by  investigating  their 
"structure,"  their  "internal  aa  well 
as  externa]  conformation."  Cuvier 
hero  states  that  no  one  before  had 
tried  to  arrange  the  clasaes  sod 
orders  according  to  the  "  ensemble 
deU  structure '^  (p.  vi).  Heisthua 
led  to  the  law  of  the  "  subordinatioD 
des  caractiree,  ■  .  .  ayant  soin 
d'AAblir  toujour*  la  correspond- 
anoe  des  formes  ext^eurea  et  in- 
tdrieuret  qui,  les  unes  oomme  lee 
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details  of  his  natural  history,  his  comparative  anatomy, 
or  his  palffiontology,  of  which  latter  sciences  be  is  the 
creator,  it  serves  our  present  purpose  better  to  learn  how 
h«  viewed  the  object  of  natural  science  in  general — how 
he  defined  its  task.  As  the  first  step  in  civilisation  was 
the  creation  of  a  language  possessing  definite  rules,  so 
the  first  step  in  the  growth  of  a  science  la  that  taken  by 
Linnaeus,  who  was  not  terrified  by  this  enormous  work, 
that  of  giving  names,  of  framing  a  nomenclature.'  "  But," 
says  Cuvier, "  to  name  well,  you  must  know  well.     Theee 


anti-M,  font  pu-tM  inUgruita  de 
renenee  de  etwque  Koimal "  (p.  iW). 
He  oppoaM  former  artiScUl  cluufi- 
ca^oDi,  auch  M  the  principle  that 
living  baiogi  osa  he  uruiged  "de 
muii^  k  former  Am  fitrea  une 
aeule  ligne"  (p.  zi).  "Un  etn 
orgMtiid  Mt  un  tout  unique,  un 
eiuemble  de  ptuliea  qui  i^egiaMnt 
lee  nnes  nir  le«  autrat  pour  produlre 
on  effet  eomiauD.  Nulle  de  k« 
p>rtie*  He  peut  done  fitre  modifi^ 
wcntiellement  aani  que  tou^  lea 
antrea  ne  ('en  i«nenteat "  (' £logaa,' 
ToL  iL  p.  279). 

*  The  formation  of  a  nomencla- 
ture or  a  termiuology  ia  one  of  the 
moat  important  atep*  in  the  begin- 
ning aod  the  progreia  of  science. 
Cnvier  refera  frequently  to  this; 
"  Noa  liTree  aajnta,  &  leur  d^ut, 
Doua  reprdaentent  le  Cr^teur  fail- 
ant  paaaer  aea  ouvragai  aoua  lea 
yeuz  dn  premier  homnw,  «t  lul 
ordoDDaot  de  leur  impoeer  dea 
noma.  ,  .  .  Cea  noma,  qu^  eat 
preaerit  h  I'hamme  dlmpoaer,  ne 
aont  paa  dea  tignea  inooherena  ap. 
pltQiiM  au  haaard  k  quelquea  objeta 
laofea.  Pour  qalla  deviennent  r^. 
gnlien  et  aignificatih,  ila  exigent, 
eomme  il  eat  dit,  que  lea  fitrea  aienl 
paaei  devant  le  nomenclateur " 
['Eiogao,'Tol.iii.  pp.460,*62).  No- 
arbare  ia  terminohjgjr  more  import- 


ant than  in  cbemialc;. 
moyeui  qui  out  l«  plua  pi 
contribud  b  faciliter  I'eo  „ 
de  U  acienoe  en  gdn^ral,  et  k  pre- 
parer I'adoption  univenelle  de  la 
thdorie  nouvelle,  c'eat  la  nomea- 
clatare  crMe  par  eette  tocidtd  de 
ehimiatei  f ranfaia.  .  .  .  Donner  auz 
dldmena  dea  noma  aimplee ;  en 
d^river,  pour  lea  oombinaiaoua,  dea 
noma,  qui  exprimaaaant  I'eeptee  et 
la  proporUoD  dea  fldmena  qui  lea 
couatituent,  c'dtait  oBrir  d'avance 
il  Teeprit  le  tableau  a,hr6gi  dea  r^ 
aultata  de  la  idenoe,  c'dtait  foumir 
k  la  lodmcare  le  mof  en  de  rappeler 
par  lea  noma  U  nature  mAme  dee 
objeta.  Ceat  oe  que  JL  Quyton 
de  Uorveau  propoaa  le  premier  d^ 
17SI,  et  ce  qui  fut  oomplitement 
execute  par  lui  et  par  eea  colUguea 
enl787''('Bftpport,'p.88,ftc}  Cf. 
'  Elogea,'  Tol.  iii.  pp.  194,  482,  49d. 
Cuvier  (■  Elogea,'  tuI.  iiL  p.  302} 
mentiona  "cette  antipathie  pour 
lee  methodea  et  pour  une  nomencla- 
ture prjciae  4  laquelle  Buflbn  a'eat 
laiaa^  aller  ea  Unt  d'endroita";  he 
apeaka  of  Pinal  "  qui  avait  cherch4 
d'abord  k  former  pour  lea  deecrip- 
UooM  dea  maladiea  mn  langage  pix- 
els, models  aur  celui  que  Lmnania 
avutintroduiten  bot*nique"(ibid., 
voL  iii.  p.  388). 
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beings  and  their  parts  which  are  to  be  known  are  to  be 
counted  by  the  million ;  it  is  not  enough  to  know  them 
singly,  for  they  are  submitted  to  an  order,  to  mutual 
relations,  which  must  likewise  be  appreciated,  for  it  is 
according  to  this  order  that  each  has  its  part  to  play, 
that  each  disappears  at  its  time,  that  they  reappear  simi- 
larly made,  always  in  the  same  proportions,  and  armed 
with  the  necessary  forces  and  faculties  for  the  main- 
tenance of  these  proportions,  and  of  the  whole  of  this 
perpetual  vortex.  Not  only  ia  each  being  an  organism, 
the  whole  universe  is  one,  but  many  million  times  more 
complicated;  and  that  which  the  anatomist  does  for 
a  single  animal — for  the  microooBm — the  naturalist  is 
to  do  for  the  macrocosm,  for  the  universal  animal, 
for  the  play  of  this  alarming  ^gregstion  of  partial 
oi^anisms." ' 

It  was  this  sustained  regard  for  the  value  of  detailed 
research  and  minute  observation,  coupled  with  an  equal 
appreciation  of  the  unity  of  all  r^ons  of  existence, 
and  all  branches  of  learning,  that  elevated  Cuvier  to 
the  he^ht  of  the  science  of  his  ^e  and  his  countiy, 
and  made  him  a  true  exponent  of  the  modem  scientific 
spirit  The  works  of  Newton  and  Laplace  may  contain 
more  formulse  of  lasting  value,  more  instruments  of  per- 
manent scientific  use — they  may,  for  all  time,  have  traced 
a  few  lines  of  the  enwoven  cipher  of  the  all-pervading 
mechanism  of  nature ;  it  is,  however,  well  to  note  that  he 
only  who  keeps  in  steadfast  view  the  life  rather  than  the 
mechanism  of  existence,  approaches  the  great  secret  of 
nature,  and  gauges  rightly  the  value  of  each  component 

1  Cuvier,  'Elogcs  hiatoriquea,'  toL  iti.  p.  163. 
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part,  or  the  worth  of  each  human  effort.*  In  this  respect 
the  nineteenth  century  knows  no  greater  figure  than 
Cuvier ;  not  even  Humboldt,  great  and  comprehensive  as 
was  his  scientific  view.  The  advantages  also  of  Cuvier's 
position  as  permanent  Secretary  of  the  French  Academy 
of  Sciences  were  exceptional,  and  well  fitt«d  to  bring  out 
his  extraordinary  talents.  We  can  say  that  in  him  science 
has  become  fully  conscious  of  its  true  methods,  its  useful- 
ness, its  most  becoming  style,  its  inherent  dignity,  its  past 
errors,  its  present  triumphs,  the  endless  career  which  lies 
before  it,  and  the  limits  which  it  cannot  transgress. 

Educated  in  Germany,  at  the  same  school  as  Schiller 
and   Dannecker,^  imbued  by  early  experience  and  by  ti 

gition  to  the  Prot«ituit  Church 
nila,  which  had  very  early  aprcad 
a  BjatAia  of  popular  and  compulsory 
education  throughout  the  country. 
It  ia  a  chapter  of  history  well  worth 
reading.  The  great  problema  of 
popuhu-  educstioQ  aa  againit  higher 
iniitructiou,  Proteataat  di«cipliiie  in 
the  lower  as  aninat  milit&ry  dis- 
cipline in  the  higher  ochoalB,  the 
democratic  as  against  the  aristo- 
cratio  spirit,  the  independence  aa 
ankiust  the  SUte  -  r^ulation  of 
University  teaching,  were  fought 
out  by  the  dukea  and  the  EstAtei 
of  Wilrtembei^  in  a  prolonged  war- 
fare, a  sample  of  similar  movements 
all  over  Germany,  and  welt  told  by 
Perthes  in  bis  '  Folitische  Zustiinda 
und  Personen  in  Deutschland  lur 
Zeit  d«r  frantijeiachea  Herrschaft' 
(Ootha,  1862,  pp.  601-548].  Cuvier 
evidently  saw  the  better  side  of  the 
system,  for  he  entered  after  the 
imperious  character  of  the  duke 
had  been  subdued  by  the  victorious 
estates.  Forced  to  change  his  ways, 
which  he  conacieotiouary  did,  the 
duke  laid  by  for  bis  country,  as  a 
local  hiatorian  says,  "  a  fund  of  in- 


in  de  ce  com- 
maodement  de  voir  et  de  nommer, 
para6  e'ouvrela  viedeno&«esp5ce, 
c'ert  U  voie  qui  devait  nous  ooo- 
duiresoit  k  des  contemplatious  plus 
hautes,  Boit  aeulement  k  dee  inven- 
tions utiles.  En  eSet  I'hiitoire 
naturelle  ne  fait  aucun  pas  sans 
que  la  physiologie  et  la  philoaophie 
g^ndrale  marc^t  d'uu  paa  igtX, 
et  Bans  que  la  soci^U  re^oive  leur 
bibut  common"  ('Elogea,'  toL  iii 
p.  474). 

'  Cuvier  has  himself  written  an 
account  of  his  early  life  «id  studiea. 
ItisgivenbyFloureos,  'Eloge^'vol. 
i.  pp.  I67.ies.  He  was  bom  in  1760, 
of  a  Proteetaot  stock,  at  Hont- 
beliard,  the  capital  of  a  small  prin- 
cipality, situated  in  the  Jura,  and 
then  belonging  to  WUrlemberg. 
The  autocratic  Duke  Charles  (1737- 
1793)  had  founded  a  military  acad- 
emy in  Stuttgart,  his  capital,  where 
400  youths  were  at  his  expense 
housed  and  educated  according  to 
a  strict  rule,  hut  under  the  guid- 
ance of  enlightened  masters,  and  in 
a  thoroughly  modem  spirit.  Hie 
I   was   a  kind    of   oppo- 
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penonsl  contact  with  that  spirit  ot  general  education 
and  nnivereal  training  which  then  animated  the  German- 
speaking  nations  of  the  Continent,  thoroughly  grounded 
in  claasioB  and  mathematicB,  with  a  cosmopolitan  know- 
ledge of  languages  and  literature,  which  fitted  him  to 
understand  the  merits  of  different  nations,  he  became 
the  great  exponent  of  that  peculiar  Bystem  of  higher 
culture  which  since  the  time  of  Colbert  the  French  had 
elaborated — the  academic  system.'     The  centre  of  this 


telligence  uid  Rcquiaitiani  by  whicli 
we  hkve  benefited  up  to  modem 
timse"  (Perthes,  p.  GIO).  We  kaow 
the   otber  and  older  tide  ol   the 

Sictore  from  the  'Life  of  Schiller' 
iE«,  inltr  alia,  Carlyle,  '  Life  of 
Schiller,'  collected  worli,  library 
edition,  toI.  v.  p.  253).  Cuvier 
givei  a  long  deicription  of  the  "K&rl- 
•chule  "  :  "  C'^teit  ua  ^tobliwe- 
ment  vraiment  magnifique.  Gnvi- 
pon  quatre  centa  bouraiera  et  pen- 
■ionDures,  \ogia  dans  un  Edifice  tel 
qu'il  a'y  en  a  aucun  d'approchant 
en  Europe  (puroi  ceuK  qui  eont 
coiuacr^B  !i  I'inBtruction  de  la  jeun- 
twe),  vfituB  d'un  bel  uniforme,  con- 
duile  par  des  officiers  et  dee  soui- 
officiera  tir^  dee  regiment!  du  due, 
re^evuent  dei  le^ona  de  tout  genre 
de  plus  de  quatre-Tiugts  maltres  ou 
profeaaeurs.  On  a  beaucoup  parM 
de  I'eeprit  de  deepoUameavec  leijuel 
1e  duo  dispoeut  de  leurs  penonnee 
et  choieisBait  pour  chacun  d'eux 
l'4tat  qu'il  devait  embroaaer,  et  je 
croie  en  etfet  qu'il  en  ^tait  adnu 
dang  I'origine  de  r^tabliuement ; 
tn&ie  de  mon  temps,  je  n'&i  rien 
TU  de  eembtable,  et  oe  qui  eat  cer- 
tain,c'eat  que  penonne  ne  pr^tendit 
mime  me  donner  de  congeil  k  cot 
^rd.  II  y  avait  oiuq  facult^i 
Bup^rieuree,  droit,  m^ecine,  admin- 
iitration,  militaire  et  commerce" 
(Flourena,  loe.  cU.,  p.  171). 

'  The  fint  great  tepresentatiTA 


I  of  thia  academic  spirit  and  culture 
was  Foatenelle,  who,  living  during 
a  hundred  yeore,  from  1BS7  to  1757, 
was  Secretary  of  the  Acad^mie  dea 
I  Scieaoes  during  forty  -  two  years, 
'  from  1696  (the  ye«i-  of  the  recon- 
Btitution  of  the  Academy)  to  1741. 
Among  his  Bucceuon  were  men  liko 
Condorcet,  Delambre,  Cuvier,  and 
Aisgo.  FoDtenelle  gave  to  scien- 
tifio  subjecta  a  dignified  popularity, 
■epara(«d  the  departments  of  acienctt 
and  metaphynca,  kept  the  scientific 
interest  free  from  the  commercial, 
and  through  hL*  oonnectioo  with  the 
Acad^mie  fran^uee  did  probably 
more  than  any  other  writer  to  es- 
tablish  that  superiority  of  atyle  and 
diotioQ  for  which  the  great  Flvnch 
men  of  ecieDce  are  eo  reniorkable  and 
BO  superior  to  those  of  other  coun- 
tries. Bertraud,  himself  a  Bucceetor 
of  Fonteuelle,  says  of  him ;  "Prftant 
aux  travaui  de  sea  confreres  la 
tineese  de  see  aper^us  et  la  vivacite 
iogenieuse  de  sou  style,  il  a  su  dans 
leurs  portraits,  qui  sunt  des  chefe- 
d'couvre,  plus  eucore  que  dans  I'ana- 
lyse  de  leurs  d&»uvertes,  donner 
aux  plus  humbles  et  aui  plus 
modMtes  une  cel^brit^  impr^vue 
et  durable,  et  le  juste  et  s^rieux 
hommage  qu'il  rend  au  vrai  aMte 
fait  aimer  et  respoctcr  tout  !l  la  fois 
les  SBvanta  et  la  science"  ('L'Aca- 
demie  des  Sciences  «t  lee  Aeademi- 
ciens,'  p.  US).     See  also  Voltaire's 
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system  was  tiie  old  Academy  of  Scienoee,  which,  with 
a  short  intemiption  during  the  storm  of  the  Bevolutibn, 
survived/  and  formed  the  principal  feature  in  the  Insti- 
tute. Allied  with  this  institution,  and  directly  inspired 
by  its  spirit,  were  the  great  schools  of  natural  science,  the 
great  collections  of  natural  objects,  latterly  also  the  great 
medical  institutions  of  Paris.  It  professed  to  protect 
scientific  studies  in  a  royal  and  generous  manner,  at- 
tracted talent  from  outoide,  rewarded  foreign  as  well  as 
French  research,*  and  tried  to  keep  the  scientific  spirit 
of  inquiry,  as  well  as  the  form  in  which  it  found 
expression,  pure  and    undefiled.'     It  favoured  the  co- 

'  SiMe  de  Louia  XIT.' ;  Csbanii, 
'  R^Tolutioiu  d«  la  H^deeise' 
((Euvre*, P>n<>  1^33> Tol-  i-  F-  200); 
Flourms,  '  Slogea  bUtoriquM,'  vol. 
iii.  p.  31,  kc.  i  Uauiy,  '  Lm  Aca- 
demieB  d'autr^ois,'  toL  i.  p,  16S, 
163  rt  pattim;  Bouillier,  '  Elcigea 
da  FouteDclle,'  latroductina. 

'  "  TandU  qua  tout  a,  iti  renou- 
vele  daoa  la  politique  at  lea  moiura 
publiquea  ...  la  vie  acientiSque 
«t  lit  tenure  a  aeDiiblement  gardf  aa 
conttitutioti.  .  .  .  Le  Coll^  de 
Fnmce,  rAcadBmia  fran^aiw,  I'Aca- 
d^mie  dea  Inscriptioua  «t  Bellea- 
lettres,  rAcad^mie  dea  Scieucea,  la 
BibliothiquB  imp^iale,  I'Obeerva- 
toire,  Ifl  Huaeum  d'Hiatoira  natur- 
elle,  lubeiatent  encora,  comme  an 
nbolt  damier,  et  dang  noa  proviDcea, 
une  foule  d'acad^miea  aont  d'une 
cr^tiou  ant^rieuTehl7S9"(Maui7, 
foe.    ■ 


c.  ri<.,p.  ]). 
'  ■'  Euler  (ut 


>T  f ut  quatre  foii  c»uronn£ 
pour  diH  queationa  da  phyaiqua  et 
da  matb^atiquM.  .  .  .  Daniel 
Bernoulli  obtint  le  prix  dix  foia " 
(SUury,,p.  171).  Among  the  cele- 
brated Elogaa  by  Fontanelle  there 
on  thoae  of  LeibniE,  of  Peter  tbe 
Qmt,  at  KewtoQ,  of  Manigti,  of 
Boerhuve  i  among  tboM  hy  Con- 


dorcet  there  are  thoae  of  Haller, 
Linnnus,  HDnter,and  Euleriamong 
CuTier'i  there  are  thoae  of  Ollbert, 
Prieatlej,  De  Sauaaure,  Cavendiah, 
Pallaa,  Rumford,  Wemer,  Banke, 
and  Davy. 

'  "Juaqu'b  priaent,"  eajs  Fod- 
tenelle  iu  16S9,  "TAcad^mie  dea 
Sciencea  ne  preud  la  nature  que 
par  petitea  parcellea.  Nul  ayatfeme 
K^nu^,  de  penr  de  tomber  dana 
Flnconv^ient  dea  ayatiinea  prdcj- 

E'lUa  doDt  I'impatience  de  I'esprit 
umain  ue  a'accommoda  que  trop 
bien,  et  qui,  £tant  une  foia  ^bUa, 
a'oppoaent  ftui  veritia  qui  aurrien- 
nent"  (quoted  by  Flourena, 'Elogea,' 
vol.  iii.  p.  IB).  "  L'eaprit  do  I'Ai^- 
^mie  dea  Scienoea  a  done  toujours  il6 
l'eaprit  d'eip^rience,  d'^tude  directe, 
d'obeervation  praciae,  ramour  de  la 
certitude.  D'abord  cart^enne,  elle 
deviot  enauite  NewtonieoDe,"  fee. 
(ibid.,  p.  21).  FoDtenelle  contrasta 
the  "  philoaophie  dea  mota  et  celle 
dea  choae^  de  I'Eeole  et  de  I'Aca- 
d^mie"  ('Eloge  de  Du  Hamel'  in 
Bouillier,  p.  10).  "  Fonlenelle  ae 
plait  li  multiplier  lae  ezemplea  de 
eette  incapacity  ch«i  lea  aavanta  de 

tairo  fortune  et  de  o "-'-    '-- 

intAieeaemeut."     "II 


»  Doble  dee- 
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operation  of  many  minds  in  rearing  the  great  edifice  of 
science,  and  found  a  place  for  the  uunntest  research,  as 
well  as  a  field  for  the  development  and  sway  of  great  and 
goyeming  ideas.  Of  the  best  form  of  this  spirit  and 
system — tiie  Acad^mie — Cuvier  was  the  greatest  repre- 
sentative. Through  several  dozeij  £loges  which  he  pro- 
nounced on  the  decease  of  a  number  of  the  most  illus- 
triouB  scientific  men  of  Europe,  as  well  as  through 
several  Reports,  in  which  he  summed  up  the  labours  and 
progress  of  his  a^e,  and  the  peculiar  features  of  his  period, 
he  affords  to  t^e  student  of  history  an  insight  into  that 
distinctive  phase  which  scientific  thought  had  entered  in 
France  at  the  end  of  the  eighteenth  century.  This  he 
allows  us  to  contrast  with  other  phases  of  thought,  such 
as  the  philosophical  or  individual,  which  obtained  in  other 
ages  or  countries,  and  su^ests  as  well  as  gives  the  means  of 
answering  the  question,  to  what  extent  the  scientific  ideal 


^ludi«r  que  BuMiter,"  he  i^d  o( 
one  of  tbe  Acadeioioiuis  (Bouillier, 

ffiix,  xii].  Cuiicr  wu  very  w&tch- 
over  tbe  Ac«demy  id  keeping 
out  the  apeculktive  spirit.  See 
wb&t  he  aayi  in  the  joint  Heport 
on  geology  with  Hsiiy  mad  Leli^Tra 
('  M^m.  de  I'lmtjtut,'  vol.  viiL  1807, 
p.  136).  "Que  doivent  doncfaire 
tes  oarpe  MVuu  pour  procurer  k  une 
eiaenoe  uuai  int^reMMite  et  ftuisi 
utile,  les  aocroiuemeDS  dont  elle  est 
BuiceptibleT  .  .  .  Ila  doivent  tenir 
1»  cooduite,  qu'ilH  ont  tenue  depuis 
leur  ^tablissemeut,  k  regard  de 
toutea  lea  autrea  aciencea  :  encouT' 
ager  de  leun  dogei  ceui  qui  ou- 
Btatent  dea  faita  poeitifa  et  garder 
un  BtleoM  aloolu  aur  lea  ayattoee 
qui  se  auco&dent."  Compare  with 
thia  what  he  aays  about  the  use  of 
the  principle  of  "  vital  force,"  al- 
waya  referring  to  Newton'a  inethod 


and  Spunheim's  Hinioire  ('H^m. 
de  rinst.,'  vol.  ix.  p.  6S):  "Lm 
commiaaaires  de  la  claaae  .  .  .  out 
doond  leur  aaMntiment  k  presque 
toutee  lea  propoeitiona  de  MM.  O. 
&  S,,  qui  ne  diSpendent  que  de 
I'iiupectioB  aDBtomique,  Ac.  .  .  . 
lea  oommiaaairea  ont  cm  ^gale- 
ment  de  leur  devoir  de  pr^venir  le 
public,  qu'il  n'y  a  aueun  rapport 
direct,  aucuue  liuaon  neoeeaaire 
eDti«  cea  d&ouvertea  et  le  doctrine 
enaeign^  par  MM.  G.  &  S..  &C.  .  .  . 
Touteacea  mati&reaaont  encore  trop 
^trang^rea  aui  attributiona  de  la 
claaae,  ellea  tiennent  aux  faita  aen- 
aiblee  d'une  mani^re  trop  l&che, 
ellea  prStent  fa  trop  de  diacuaaiDna 
VBguea,  pour  qu'un  corps  tel  que 
le  nOtre  doive  B'en  occuper"   (p. 
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of  the  end  of  this  century  t^reee  with  or  difTen  from  that 
of  its  b^inning.  Upholding  the  Kewtooian  rather  than 
the  Baconian  and  Leibnizisn  standard  in  the  mathemati- 
cal and  phywcal  sciences,'  he  has  marked  that  line  which 
our  whole  century  has  contributed  to  trace  out  more  dis- 
tinctly ;  whilst,  as  r^aids  the  purely  natural  sciences,  his 
continued  emphasising  of  the  great  problem  of  organisation, 
and  his  later  controversy  with  Geof&oy  de  Saint-Hilaire, 
mark  that  point  in  which  this  century  has  most  distinctly 
departed  from  the  prevailing  ideas  of  its  early  yeai%* 
He  also  recognised  earlier  than  any  other  mind  of  similar 
emmenoe  what  our  century  increasingly  realises,  how, 
without  a  system  of  condensation,  contained  in  reports, 
statistics,  and  figures,  sided  by  classifications  and  systems, 
the  growing  bulk  of  accumulated  knowledge  becomes 
chaotic  and  unmanageable.^ 

'  CuTter  WM  not  brought  up  id  cica  philoaophes  dont  je  parle  id," 

the  Bcfaool  of  the  EDCfclapiediits,  ,   &c. 

and  I  cannot  find  that  he  attached  I       ^  A  future  chapter  will  de^speei- 

the  gnat  importuice  to  the  writ'  I   ally  wiUi  this  subject.    Cuvier,  as 

ing*  of   Bacon  nhich   that  achool  |   u  well  kuown,  mamtained  the  fixit; 

commonly  did.     Ai  to  Newton  and  ,   of  gpeciea,  and  oppoacd  the  theorica 

Leibnis,  he  oontntata  their  nlethodi,  |   of  St  Hilaire  and  Lamarck,  in  which 

conndering  them  "comme  lea  chef*  a   later  generation   rec<siiiBes   the 

et     les     reprdaentaiu     dea     deux  I   beginningB  of  the  Dorwmian  doo- 

m^thodea  oppoe^  qui  «e  aont  dis-  '   trineof  thetranamutationof  apecies. 

pnt^  I'empire  de  la  adenoe"  ('Hia-  ,   "On  eat  oblige  d'admettre  certainea 

tojre     dea     Sciencea     naturellea,'  j   formes,    qui    ae    sont    pei^idtu^es 

public  par  Hagdeleine  de  Saint-  depuia   I'origiue   dea   choaes,   aana 

Agy,  Paris,   1841,  vol.  iii.   p.   19,  exc^der   ces   limitea ;   el   toua   lee 

Ac)    See  ilia  in  his  joint  Report  |   Strea  appartcDans  h  I'une   de  cea 

with   Hailj  and   Leliirre  on   the  '  formes    constituent    ce    que    Ton 

Science  of  Qeolog;  (' H^m.  de  Tin-  i   appelle  una  espjice"  ('Rilgne  ani- 

atitut,'    1B07,  p.   133):    "On   rit  ,   mal,'  voL  L  p.  20). 

renaltra  dans  cette  partie  de  lliia-  *  Cuvier  waa  the  first  greot  acien- 

toire  naturelle  la  m^tbode  avrt^ma-  tific  writer  who  uudertook  to  give 

tique   de  Deacartea,   que   Newton  a  historical  lurvej  of  the  position 

■emblut  avoir  bannie  pour  jamaiii  '  of   the  different  natural  adeoces, 

de  toat«s   lea   adenees  phfaiquee,  I   with  a  view  of  Moerbuning  what 

.   .   .   et  loraqo'oD  songe  que  Ldb-  !   had  been  achieved  and   what  re- 

nii    et    Buffon    aont   au    Dombre  I   maioed  to  be  done.     Be  did  what 
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Cuvier  had  alao  a  true  historical  senBe,  vhich  enabled 
him  to  trace  the  connectioQ  of  science  with  political 
history,  with  literature,  with  the  fine  and  useful  arts. 
And  he  helps  to  answer  a  question  which  to  us  is  of 
Mot  paramount  interest.  How  did  science  fare  during  the 
^uton'^d  8^*"''  catacljBm  of  the  Revolution  ?  how  under  the  reae- 
itapinr'  tionary  despotism  of  the  First  Empire  ?  Before  attempt- 
ing to  reply  to  Uiese  questions  in  the  l^t  of  subse- 
quent and  general  European  history,  I  will  select  a  few 
passives  from  Cuvier  which  throw  tight  upon  these 
points :  * — 

"  There  is  always  a  revolution  required  in  order  to 
change  habits  which  have  become  general,  and  the  most 
necessary  revolutions  do  not  take  place  without  some 
circumstance,  which  is  sometimes  long  delayed.  We 
have  been  able  to  see  how  in  such  a  case  everything 
furthers  the  sciences,  even  the  delays  and  contrarieties 
which  they  seem  to  suffer  under. 

"  The  events  which  disturbed  the  world,  and  which  for 
natural  science  temporarily  dried  up  the  sources  of  its 
riches,'  obliged  it  to  return  to  itself,  and  to  make  a  new 
study  of  what  it  possessed,  more  fruitful  than  the  most 

■  ganerktinu  later  the  British  Amo-  i  it  of  foreign  importa  and  the  BcieD- 

ciatioD  undertook  to  do,  and  what  tificcoUeqtioniof  foreignapecimen*; 

in   Qennanj   the   many   "Jahree-  ,  seeaiso'Elogea.'Tol.  i.p.9 ;  Tol.iii. 

bericht«"  do  nowadafs.      See  hi*  ■  p.   202:    "Quand   la  jalouaie  dea 

"  Analyae  deiTravaui,"  Ac., 'H^m.  i  peuplea   noua  priiait  dea  produit* 

de  I'Inatitut,'  vol.  ii.  p.  GS,  and  his  {  ^tr&Dgera,  la  chimie  lee  faiaait  ^slora 

celehrated  'Rapport  hiatorique  »ur  de  iiotre  aol."      "Le   conaeil   dea 

le  Progria  dea  Sdences  naturellea  mlnea  ^tabli  en  1793,  lonque  I'in- 

depui^  17S9,' Paria.  1810.  terruption   de   tout   rapport    aieo 

'  '  Klogea  hiatoriqua,'  vol.  iii.  p.  I'^tntnger  fit   Beotir  le  beaoin  do 

464,  1324.  tirer   parti   de   notre   territoire  a 

'  Thia  refers  to  the  isolation  of  donn£  Ik  ces  aortea  de  recherchea 

France  during  the  war  and  the  CoQ'  une    impuliion     toute    nouvelle " 

tinental  blockade,  whkh  deprived  ('  Rapport,'  p.  178). 
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fortunate  departuree  could  have  bees.  During  this  ap- 
parent rest,  all  the  different  parts  of  method  were  deep- 
ened ;  the  interior  of  natural  objects  waa  studied ;  even 
minerals  were  dissected  and  reduced  to  their  mechanical 
elements ;  a  still  more  intimate  analysis  waa  made  by  a 
perfected  chemistry;  the  earth  itself  was,  during  this 
interval,  if  the  expression  is  allowable,  dissected  by  the 
geologists ;  its  depths  were  sounded ;  the  order  and  layers 
of  rock  which  form  its  shell  were  recognised.'  In  the 
absence  of  forejgn  contributions  the  interior  of  the  soil 
on  which  we  walk  became  tributary  to  science.  The 
beings  of  which  it  contains  the  remains  came  to  light, 
and  revealed  a  natural  history  anterior  to  that  of  to- 
day, different  in  its  forms,  and  nevertheless  subject  to 
similar  laws,  thus  giving  to  these  laws  a  sanction  which 
no  one  expected.  The  botanists  did  not  gather  so  many 
plants  in  their  collections,  but  with  the  lens  in  hand  they 
demonstrated  more  and  more  the  intimate  structure  of 
the  fruit,  the  seed,  the  various  relations  which  connect 
the  parts  of  the  flower,  and  the  indications  which  these 
relations  furnish  for  a  natural  division.  Tlie  most  deli- 
cate forms  of  organic  tissues  were  exhibited;  medicine 


'  Cuvi«r  refen  here  to  the  iuvea- 
tigatioQ  of  the  foniia  in  the  Paria 
buin,  which  he  undertook  during 
the  fe*n  1304  totSOS:  "Laeingu- 
Utit6  dee  tnimaui  dont  je  dfcouv- 
nu  lee  owementa  k  Hoatmu-tre 
me  fit  d^eirer  de  connaltre  plua  en 
(Utail  1*  oompotitioQ  g^logique  dee 
eQTiroDi  de  Pvie.  Mon  ami  Brong. 
uiart  t'waocie  ii  moi  pour  ce  tnvail; 
DOUH  flmee  enaemble  et  t^pu^ment 
bekucoup  de  courses.  .  .  .  Cei 
raohercliea  ont  dono^  une  f ace  toute 
Douvelle  Ji  t&  gtelogie,  et  ODt  acc»- 


■ionnd  toutee  cellea  qu'ont  taitei 
euBuite  en  Angieterre  MM.  Webster, 
Buckluid,  I^beche  et  autree" 
(Cuvier,  "M^m.  *ur  n  Vie"  in 
Flourens,  'Elogea,'  voL  iti.  p.  IBS). 
This  waa  the  beginning  of  the 
Science  of  Palanntolog;,  a  term 
which  Cuvier  did  not  use  himself 
(Flourens,  'Travaux  de  Cuvier,'  p. 
147).  See  also  Cuvier, '  Becherehea 
■ur  lea  Oasemens  foasils  de  Quadru- 
pMea,'  ke.,  lat  ed.,  1S12,  Srd  ed., 
1826,  in  the  Introduction. 
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and  chemistiy  united  their  efforts  to  appreciate  in  the 
minutest  detail  the  action  of  external  elements  on  the 
living  OTganiBm.'  The  different  combinations  of  oigans, 
or  what  we  call  the  different  classes,  the  different  genera, 
were  not  less  studied  than  general  theories.  There  were 
no  animals,  ever  so  small,  the  inner  parte  of  which, 
unveiled  by  anatomy,  did  not  become  known  as  well 
as  our  own.  Every  organic  system  was  likewise  sub- 
mitted to  a  special  examination.  The  brain,  marking 
the  degree  of  intellectual  power;  the.  teeth,  signs  of 
the  nature  and  energy  of  the  digestive  forces ;  the  bony 
system,  above  all,  which  is  the  support  of  all  others, 
and  which  determines  the  connected  forms  of  animals, 
— all  these  were  followed  into  the  smallest  species  and 
into  the  minutest  parts.  We  see  how,  after  such  studies, 
there  could  be  no  more  talk  of  superficial  or  artificial 
methods.  The  old  natural  history  had  ceased  to  rula 
It  was  not  that  old  natural  history  any  more,  but  a 
science  full  of  life  and  youth,  armed  with  quite  novel 
ways  and  means,  which  beheld  the  world  reopened  by 
the  Peace."  * 

In. an  earlier  passage,'  speaking  of  the  reopening  of 
academies  and  schools  by  the  Government  of  the  Bevolu- 

qu'il  &  ^tkblie  entm  oellea  de  pikrtiea 
trte  ^oigneo,  out  jete  auBsi  dea 
tumiilrH  Douvellea  aur  I'Mutoime, 
principolement  dans  aes  npports 
■vec  u,  m^edne"  ('Rapport,'  p. 
218). 

'  ThiB  ref«ia  to  the  peace  nhicb 
concluded  tbe  Napoleonic  wan,  and 
re-establuhed  the  free  intercouree 
of  France  with  the  rest  of  the  world, 

'  In  the  '  Elogo  ^l  Fouroroy," 
of  the  year  ISll  ('Kloges,'  voL  iu 
p.  40,  Ac.) 


'  CoiQpare  with  thia  the  'Rap- 
mrt'  of  the  year  1806,  p.  201,  kc. 
The  above  retnarka  refer  nwinly  to 
Bichat.  "Bichat  a  donnd  i,  Tana- 
tomie  un  grand  int^rflt,  par  I'oppoai- 
tioD  de  structure  et  de  forms  qu'il 
a  d^velopp^  entre  lea  organea  de 
la  fie  animale,  o'eet-'l-dire,  du  senti- 
ment et  du  mouvement,  et  oeux  de 
la  -vie  purement  vjgdtative.  .  .  . 
L'atMntion  particuliSre  donn^  par 
Bichat  au  tina  et  atu  fonctiona  am 
diveraea  membraDSe,  et  I'analogie 
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tion,  Cuvier  remarks :  "  It  was  not  merely  a  question  of 
isolated  discoveries,  but  of  inBtitutions,  which,  in  assuring 
the  conservatioQ  of  the  sciences,  would  multiply  their 
progress  indejinitely.  What  was  needed  was  no  longer  a 
aimple  experimenter,  master  of  his  suhject  and  his  instru- 
ments, it  was  a  man  obl^ed  to  battle  i^ainst  all  kinds  of 
obstacles,  and  to  benefit  his  fellow-citizens,  mostly  in  spite 
of  themselves.  The  Convention  had  destroyed  academies, 
collies,  universities ;  nobody  would  have  dared  to  ask 
boldly  for  their  restitution ;  but  soon  the  effects  of  their 
suppression  showed  themselves  in  the  most  sosceptible 
point;  the  armies  were  without  doctors  and  surgeons, 
and  these  could  not  be  created  without  schools.*  But 
who  would  believe  that  time  was  required  to  give  coun^ 
enough  to  call  them  schools  of  medicine.  Doctor  and 
sui^on  were  titles  too  contrary  to  equality,  apparently 
because  there  is  no  authority  over  the  patient  more  neces- 
sary than  that  of  the  doctor;  therefore  the  odd  term 
"  schools  of  health  "  was  used,  and  there  was  do  question 
of  either  examination  or  diploma  for  the  students.  la 
spite  of  this,  a  penetrating  glance  reveals,  in  the  regula- 
tions which  were  carried,  the  intentions  of  him  (Fourcroy) 
who  drew  them  up.     The  three  great  schools  founded  at 


1  8«e  'Elogea,'  vol  i.  p.  8G3. 
"CapaadkDt  Ice  gens  qui  ftTHant 
fMt  tautw  cm  ■upprenioDi  eurmt 
promptement  lieu  de  B'aperceroEr 
qiM,  I'il  4tut  li  la  rigueur  superflu 
d'lippl«lldre  touts  »utre  chcne,  on 
Da  ponTut  gahiv  se  dUpeoier  d'ap- 
ptmiire  l&  mMecine.  Touts  la 
FVaucv  w  pr^pitut  &ui  frontiftm, 
et,  apria  dea  prodign  inouU  de 
dfvouemeDt  et  de  Taleur,  lea  dtfen- 
Mon  de  la  patrw  ue  troufaieiit 


■ucuD  BBOoura  pour  letin  bleuures 
at  pour  leura  maUdiea.  Od  com- 
menga  doDo  p*r  r^rectioii  dea  ieolea 
de  m^ecina  cette  longua  auite  de 
rcatnunitioiu,  qua  I'^tablusement 
de  Vumverait^  viant  de  courouaer 
et  de  liar  an  ud  enaemble  auui 
impount  par  I'^tendue  de  ton  plan 
que  par  la  vigueur  de  aon  ornnisa. 
tioD.''    9ee  alio  'Bapport,'  bn.,  p. 
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this  epoch,'  received  an  abundance  of  means,  of  which 
up  to  that  time  there  was  no  idea  in  France,  and  which 
Btill  form  the  finest  ornament  of  the  University ." 

Similar  paeaages  might  be  collected  in  which  Cuvier 
enlarges  on  the  influence  of  war  and  revolutions,  of  the 
Continental  blockade  and  the  isolation  of  the  country ;  on 
the  reconstruction  of  hospitals  and  the  admission  of  medi- 
cal science  into  the  Academy ;  on  the  creation  of  new 
industries ;  on  the  development  of  the  mining  and  minei-al 
wealth  of  the  country;  on  the  scientific  value  of  colonies 
and  travels,  and  many  other  interesting  topics.  In  con- 
fining myself  more  closely  to  the  history  of  thought  and 
the  growth  of  the  modern  scientific  spirit,  I  will  make 
some  refiections  wbich  his  remarks  force  upon  us. 
32.  I  have  noted  above  how  France  more  than  any  other 

dona  mors    country  workod  for  the  popularisation  of  science,  how  her 
countrtHto  polite  literature  alone  during  the  eighteenth  century  bears 
Bchnce.       ^^0  Strong  impress  of  modem  scientific  ideas ;  no  other 
country  has  a  Fontenelle,  a  Voltaire,  a  Buffon.     This 
peculiarity  must  be  recognised  as  a  very  powerful  and 
valuable  stimulus  to  the  growth  of  the  scientific  spirit. 
It  enianat«s  largely,  if  not  exclusively,  from  the  peculiar 
position  of  the  old  Academy  of  Science.     It  must,  how- 
ever, not  be  foi^otten  that  it  was  not  a  popularisation  of 
the  kind  we  witness  nowadays. 
88,  The  class  of  literature  which  in  our  ago  spreads  broad- 

bet^'uic  cast  the  discoveries  or  ideas  of  science ;  the  endless  num- 

Ittenry  and 

fienwi™'  ber  of  mf^azmes,  reviews,  and  daily  papers;  the  small 
«*>"■  treatises,  the  cheap  primers,  the  compact  text-books,  did 

'  They  were  the  three  "  ^lea  de  I  struction  publique  cd  Fnuice,'  vol. 
_.,„  _.   „-_._    ^.-... .      U.p.  IW). 
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not  then  exUt.^  Science  was  not  a  subject  of  general,  still 
less  of  popular,  instructioD.  It  was  an  occupation  of  the 
few,  who,  privil^ed  by  fortune  or  talent,  or  gifted  with 
inordinate  perseverance,  forced  their  way  into  the  salons 
at  society*  or  the  foouib  of  the  Academy,  The  first  public 
coarse  of  natural  history  was  opened  in  Paris  by  Valmont 
de  Boinare  in  1760.'  Science  still  stood  far  out  of  the  reach 
of  the  practical  man  or  the  poor  man ;  it  had  not  yet 
become  an  element  of  education  or  an  instrument  for 
industry.  It  was  a  fashionable  pursuit,  a  luxury  of  the 
great,  a  key  that  occasioually  opened  the  door  of  the 
palace ;  but  it  was  not  a  thing  of  immediate  use,  except 
in  adding  glory  and  renown  to  its  royal  protectors,  or 
to  the  rare  genius  which  could  make  new  discoveries. 
Almost  the  only  application  made  of  it  was  in  naviga- 
tion, and  in  the  construction  of  instruments  connected 
therewith.  This  essentially  literary — not  national — 
popularisation  of  science  had  also  its  great  dangers.  m. 
No  ideas  lend  themselves  to  such  easy,  but  likewise  to  tha^mmU' 

liMnrypop. 

such  shallow,  generalisations  as  those  of  science.     Once  ui»rt«»tion. 
let  out  of  the  hand  which  uses  them,  in  the  strict  and 
cautious  manner  by  which  alone  they  lead  to  valuable 
results,  they  are  apt  to  work  mischief.     Because  the  tool 
is  so  sharp,  the  object  to  which  it  is  applied  seems  to  be 

'  Cuvier,  \a  hU  '  Rtkpport,'  ka.,  p. 
3S1,  meatianB  the  elamentwy  worki 
published  b;  some  of  the  medic&l 
profeaaon  at  the  bsginaing  of  the 
century,  but  uja  Hao  thkt  "  En 
AUemagne,  eurtout,  oil  I'uuge  dec 
livrea  ^dmentairei  eat  plug  commun 
que  chei  noua,  il  s  eat  preaque 
aucune  uuiTcrait^,  dout  lea  profei- 
aeon    n'eD    uent    public    d'eioel- 


ddpend,  pour  Vordiaura,  dee  femmee 
et  de  quelquea  geoi  de  lettret,  qui 
croiant  pouvoir  juger  dea  aciencee 
poaitivea,  parce  qu'ila  out  combind 
quelquea  id^  gdu^ralea  de  mdta- 
pbyaique." 
<See  Mk 
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BO  easily  handled.  The  correct  use  of  scientific  ideas  ia 
only  learned  by  patient  training,  and  should  he  governed 
hy  the  not  easily  acquired  habit  of  self-restraint.  It  is 
well  known  bow  the  fundamental  notions  of  a  mechanical 
science,  let  loose  into  literature  by  Fontenelle,  by  D'Alem- 
bert,  by  Condorcet,  or  absorbed  by  Voltaire  and  Diderot, 
were  expanded  into  a  system  of  materialistic  philosophy 
in  '  LHomme  Machine,'  the  '  Systime  de  la  Nature,'  and 
other  works,  the  extreme  views  of  which  the  great  scien- 
tific thinkers  could  hardly  approve  of.'     These  hasty  but 


*  A3  a  great  d«al  of  confusion  et- 
ElUd  for  &  long  time  in  European 
literature  as  to  the  exact  eucceBsioa 
in  time  of  the  different  works  which 
tMitUA  to  «pread  mechanical  viewe 
of  the  world  and  of  l[fe,  I  put  down 
the  main  date*  : — 

Fontenelle  (1057-1757)  published 
his  Elc^es  of  the  great  Academi. 
tiana,  in  which  the  prindplea  of 
the  philosophy  of  Deecartee,  Leib- 
niz, and  Iiewton  wel«  popularl}' 
expounded  sod  discussed,  from 
1700  onward.  His  'Plurality  Aea 
Hondea'  had  appeared  already  in 
1686  ;  it  had 'popularised  Carteuan 

Voltaire  (1694-1778)  published 
his  '  El^mens  de  la  Philosophie  de 
Newton'  in  1738. 

Ia  Mettrie  (1709-51)  published 
his  '  Hiatoire  uaturelle  de  I'Ame ' 
m  1745,  and  his  'L'Horome 
Machine'  in  1748. 

D'Alembert  and  Diderot  pub- 
lished the  first  volume  of  the  '  En. 
oyclopedie'  in  17S1. 

BuCfon  (1707-88)  published,  1749, 
his  '  ThSorie  de  U  Teire,'  being  the 
first  portion  of  the  '  Histoire  uatur- 
elle.' 

Hotboch  (1723-89)  published 
vnder  the  name  of  Hirabaud, 
1770,  tbe  '3jst«me  de  la  Nature.' 

Of  tbeoe  works,  the  three  which 


created  the  greatest  popular  senn- 
tion  —  vii.,  Voltaire  >  '  EUmens,' 
La  Hettrie'e  '  L'Homme  Machine,' 
and  Holbsch'B  '  Systime ' — were  all 

Published  in  Holland.  Voltaire, 
•'Alembert,  and  Diderot  appear  to 
have  approached  philosophical  prob- 
lems mainly  from  the  position  of 
Newtoo's  natural  philosophj.  La 
Mettrie  from  the  teachings  of  the 
great  Boerhaave,  Hoi  bach  princi- 
pally from  a  study  of  chemistry. 
It  is  unnecessary  to  say  that  none 
of  them  had  the  sanction  of  their 
great  masters  for  the  applications 
they  made  of  prindplee  which  had 
been  established  and  used  for  special 
scientific  purposes.  And  the  same 
may  be  said  with  reference  to  the 
influence  of  Locke,  which  in  almost 
all  the  instances  mentioned  was 
combined  with  that  of  the  great 
□aCuralieta.  But  this  does  not  be. 
long  to  the  line  of  thought  in  whicli 
we  are  interested  at  present.  For 
the  sake  of  completeness  only  I 
menUon  that  Locke's  Machings  as 
well  as  Newton's  were  made  popu- 
larly known  in  Franoe  by  Voltaire's 
"  Lettres  sur  les  Anglais '  (burnt  by 
order  of  the  Parliament  of  Paris  in 
1734),  whereas  Condillac's  (1711-80) 
mora  systematic  treatise,  entitled 
'  Essai  sur  I'Onginedes  Connaiasancea 
humainee,'  appeared  in  1740.     It  ie 
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brilliant  generalisations,  expraaeed  frequently  in  the  most 
perfect  language,  did  no  good  to  the  tndy  scientific  cause ; 
they  did  not  spread  the  genuine  scientific  spirit.  Much 
of  the  good  done  by  Fontenelle,  by  Voltaire,  by  BufTon, 
was  spoiled  oi  neutralised  by  prMnature  and  ill-founded 
theories.  How  much,  or  bow  little,  they  contributed 
(either  directly  or  by  a  kind  of  reaction  which  set  in 
against  tiiem,  of  which  Bousseau  may  be  regarded  as  the 
centre)  to  bring  about  the  Bevolution  is  a  matter  of 
much  controversy ;  certain  it  is  that  the  Bevolution  ^^  ^roia- 
broke  their  sway,  and  destroyed  their  immediate  influ-  SSTiSSdm 
ence.'      To  the  purely  literary  the  Bevolution   added  p^!^ 


important,  in  dealing  with  the  ex- 
bvme  uuilaulistic  writiiiga  which 
French  literature  produced  between 
1745  knd  1770,  to  keep  dutinct  the 
different  originB  from  which  thejr 
stBiicd,  and  the  different  influenees 
which  combiDed  to  produos  them  : 


principles  borrowed  from  Newton, 
the  phjriological  mod  medical  eman- 
ating &om  Linncoiu  and  Boerhaave, 
and  th«  pajcbological  coming  from 
Locke  and  Shafteebmy.  Lange,  in 
hiB '  Hiitory  of  Haterialiem '  (tranil. 
by  Thomu,  Londim,  1880,  S  toIb.), 
was  the  Gret  to  point  out  dearly  the 
eorreet  chronologj  and  Buccesaion 
of  theae  writinga  (we  especially  vol. 
ii.  pp.  49-123),  and  to  diipel  the 
miiconoeptionB  which,  since  the  ap- 
pearance of  Hegel's  'Qeachichteder 
Philowiphie '  in  1 633-36,  had  pasted 
through  nearly  all  historical  ivarks 
publiahed  in  Germany.  From  his 
eihaiutiTe  reference^  it  is  evident 
that  the  extreme  views  of  La 
Mettrie,  Diderot,  and  Eolbaoh  can- 
not be  fatfaerad  on  any  of  the  great 
■dentists  or  philoeopheis,  but  were 
an  attempt  to  apply  sdentiBc  prin- 
ciples to  the  soiutton  of  philoaophi- 
eal,  ethical,  or  religious  questions, 
VOL.  I. 


frequently  tor  praetic*!  and  politi- 
cal pnrpotee. 

'  It  would  jirobahly  be  more 
correct  to  say  that  these  daiiug 
attempts  to  dead  with  the  general 
problenu  of  knowing  and  being, 
with  the  nature  of  the  soul  and  the 
conduct  of  life,  were  discarded  as 
premature,  and  that  the  foUowo* 
of  Condillac  and  Locke  betook  them- 
selves to  a  more  patient  study  of 
the  facte  of  the  inner  life,  as  the 
followers  of  Buffon  forsook  his  bril- 
liant generalisations  for  the  more 
patient  and  fruitful  study  of  all 
the  forms  of  physical  nature.  And 
in  this  respect  the  Oovemment  of 
the  Revolution  took  a  memorable 
step  when  it  founded  on  the  Srd 
brumaire,  an  iv.  [26th  October 
17SG),  on  a  Rei«rt  of  Daunou, 
based  miJnly  on  ideas  expounded 
by  Condorcet,  the  "Acad^mie  dee 
Soeuces  monjes  et  politiquee. 
was  the  intention  to  abandon 
physical  generalisations,  and  tc 
bine  the  scientific  and  historical 
spuit  in  the  study  of  mental, 
moral,  and  social  phenomena,  draw- 
ing extensively  on  the  asaistanee  of 
the  medical  sciences,  or  a  know- 
ledge of  human  nature  in  it< 
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something  different — viz.,  the  modem  practical  popular- 
isatioD  of  science :  it  established  ita  educational  and  its 
technical  importance.  Science  was  to  be  not  an  elegant 
amusement,  or  a  refined  luxury,  nor  even  exclusively 
the  serious  occupation  of  the  rare  genius ;  it  was  to  be 
the  basis  of  a  national  instruction,  and  the  foundation 
of  the  greatness  and  wealth  of  the  nation.  The  Memoirs 
of  the  Academy  were  cleansed  of  all  dangerous  general- 
isations which  might_have  brought  them  into  touch  with 
political  controversy ;  the  language  was  confined  to  the 
measured  and  concise  statement  of  facts,  or  to  theories 
capable  of  mathematical  verification  and  treatment ;  con- 
jectural matter  was  carefully  excluded,  and  a  standard  of 
scientific  excellence,  both  in  matter  and  form,  was  raised, 
to  which  we  still  look  up  with  admiration.*  At  the  same 
time,  this  lofty  and  dignified  spirit  enlivened  the  courses 

mftl  and  diaeued  cooditioiiB.  This 
orgaoiwtion  produoed,  during  ita 
abort  existCDce  of  only  wveti  year*, 
tome    memonbls  worki ;    but  iU 

aecondar;  only :  it  wm  eclipaed  by 
tb«  European  reaown  which  the 
"  AcsdSmia  de«  Sciencea"  pc«M«aed, 
owing  to  ita  hietoricat  uit«cedenta 
and  it*  brilliant  discDveriee  and  the 

Ctiaat  uiefulnew  of  its  Uboun. 
the  idea  of  including  ethical 
and  political  etudiea  under  the  term 
"Science,"  due  probably  to  Con- 
doroet,  waa  fixed  by  thi*  or^aniu- 
tian,  and  haa  in  tb«  courae  of  the 
centuiy  acquired  iDcreaaioi;  influ- 
ence. I^Vom  theae  beginnings  we 
ihall  have  to  study  iti  career  in  an- 
other portion  of  the  present  work. 

'  AooordiDg  to  Cuvier,  "la  langue 
naturae  de  i'AcadSmie  dea  Sci- 
•noea"  ia  "la  langue  dee  chiBrea" 
('Elogea,'  vol.  i.  p.  24);  "I'Actdi- 
BM  a  toujours  eu  pour  prindpe  de 


ne  ae  rendre  qu'h  dea  calcula  ou  k  des 
exp^HenceepoaitiTes"  {vol.  iii.  p.  12]. 
Compare  alio  'M£m.  de  I'lnatitut,' 
ToL  vii.  p.  77,  where  b«  speaks  of 
the  method  of  Newton,  ahoiving 
how  little  the  employment  of  a 
principle  like  that  of  "  vital  force" 
in  physiology  can  be  compared  with 
that  of  gravitation,  employed  by 
Newton  to  explain  the  movement 
of  the  heavenly  bodice  ;  again,  vol. 
viii.  p.  138,  where  he  refers  to  the 
great  aarvice  rendered  by  the  Aca- 
demy, "  I'il  parvenait  a  diriger  lea 
eaprits  vera  dea  recherches  poaitives, 
mala  longuea  et  p^niblaa."  And 
vol.  ix.  p.  81 :  "  On  aime  toujours 
i.  voir  se  multiplier  dani  lea  sciences 
eip^mentalea  lea  mojens  simplea 
d'arriver  h  la  pr^iiion  et  de  ae 
rapprocber  des  sciencea  mathrima- 
tigues,"  and  other  pasaages  quoted 
above,  p.  lis  and  p.  12S.  See  also 
his  remarks  on  the  Philoeophy  of 
Nature,  'Rapport,'  p.  33&. 
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of  lectures  delivered  in  the  great  schoole  by  the  first  men 
of  the  nation,  and  became,  through  them,  the  habit  of  a 
lai^  number  of  ardent  pupils,  who  were  to  carry  it  fur- 
ther into  moi-e  popular  teaching,  or  into  the  applications 
of  art  and  industry.^  The  results  of  both  are  well  known. 
We  still  live,  at  the  end  of  the  century,  under  their  im- 
mediate influence.  If  bow  we  continually  appeal  to  scien- 
ti&c  authorities  for  aid  in  the  solution  of  practical  prob- 
lems, it  is  well  to  remember  that  nothing  helped  more  to 
raise  science  to  the  eminence  of  a  great  social  power  than 
the  action  of  the  Eevolutjonary  Government  in  1793, 
Whilst  it  guillotined  Lavoisier,  Bailly,  and  Cousin ;  drove 
Condorcet  to  suicide,  and  others  like  Vicq-d'Azyr  and 
Dionis  du  S^jour  into  premature  death ; '  it  had  to  ap- 


'  Sm  Cuvier,  "  lUSaxioiu  aur  lea 
Sciences,"  1810,  in  '  £logM,'  Ac., 
vol.  L  p.  24,  tc. :  "Que  Ton  re- 
cherche, oe  qu'ont  valu  k  In  France 
depuu  vingc  &□■  lea  inventioDa 
prsUquas  diriv^eB  des  d&»uveKea 
de  MH.  Berthollet,  Ch&ptal,  Tku- 
quelin,  TWniird,  Ac. ,  dana  U  seule 
chimie  mindnUe,  d»na  cette  branche 
asaez  borate  (tea  Bcieiic««  pbysjquea  ; 
I'eitractJon  de  U  anude,  1>  f&brio- 
tion  de  I'tiluii,  du  sel  ■mmoniac,  des 
oiyde*  de  plomb,  dea  acidM  mind- 
mux,  toutea  aubatanoei  que  nnua 
tirions  de  I'^tranger ;  I'^purfttton 
de«  fera,  I&  cementation  de  I'Koier 
•t  enfin  le  ddveloppement  dea  art« 
qui  emplment  cea  laktiftraa  premi- 
iree  :  il  est  cUir  que  c'eat  par  ceo- 
tainea  da  miltiona  qu'il  faudra  cat. 
culer."  Alao,  voL  iii.  p.  202 :  "  Lea 
■ppticaCiona  de  la  acience  tl  la  pra- 
tique avaient  fait  de  H.  Bertlioliet, 
loraque  la  guerre  de  la  rdvoIutioD 
&lata,  la  chimLate  le  plui  connu  du 
public,  aprte  Lavoiaier;  et  il  £tait 
preaque  impoaaible  que  I'on  ne  re- 
courat  pa*  a  lui  au  momeat  nh  la 


chimie  devint  pour  la  guerre  on 
auiiliaire  de  premie  neoewit^  et 
lorBqu'il  tsllut  demander  &  D«tre 
ao]  le  oalpStre,  la  potaaae  et  jua- 
qu'aux  mati^res  colorantea ;  qu'il 
fallut  apprendre  i,  faire  en  quelquea 
joura  tuutea  lea  operations  de*  arts, 
Cbacun  se  souvieiit  de  cette  prodi- 
gieuae  et  aubite  ■ctiv[td  qui  etonna 
r  Europe,  et  orrocha  dea  Slogea 
mSme  aui  ennemia  qu'elle  arrita. 
H.  Berthollet  et  aon  ami  M,  HuDge 
en  furent  I'&me. " 

'  Vioq-d'AejT  (17*8-9*),  the  great 
forerunner  of  Cuvier  in  the  new 
science  of  comparative  asatoinj, 
"au  Bortir  d'uue  de  oea  parodiea 
sinistrea  ddoor^  du  nom  de  fSt« 
nationale,  ^tait  aaiai  d'ua  mal  qui 
I'enleTait  en  quelquea  instant*  daoa 
le  d^ire  de  la  peur.  Diouis  du 
Sjjour  (17S*-e4),  aprfei  deux  annAes 
d'e&oi  et  de  mii^ra,  oe  trouvait 
plus  oasec  de  force  pour  goUter  lea 
temps  moiua  malheureux  amen^ 
par  la  chute  de  Robespierre " 
[Maury,  'Lea  Acaddmiea  d'autre- 
toia,'  vol.  i.  p.  332). 
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peal  for  its  most  neoeesaiy  requirements  to  the  society 
of  scientific  authorities,  which  it  profesaed  not  to  need. 
"  Everything,"  says  the  historian  of  the  Academy,'  "  was 
wanting  for  the  defence  of  the  country — ^powder,  cannons, 
provisions.  The  arsenals  were  empty,  steel  was  no  loi^r 
imported  from  abroad,  saltpetre  came  not  from  India.  It 
was  exactly  those  men  whose  labours  had  been  proscribed 
who  could  give  to  France  what  she  wanted.  Fourcroy, 
assisted  by  researches  begun  by  Lavoisier,  taught  the 
methods  of  extracting  and  refining  saltpetre ;  Guyton  de 
Morveau  and  Berthollet  made  known  a  new  method  of 
manufacturing  gunpowder,  and  studied  the  making  of 
iron  and  steel ;  Monge  explained  the-  art  of  casting  and 
boring  cannons  of  brass  for  land  use,  and  cast-iron  cannons 
for  the  navy.  On  the  6th  of  August  1793  the  Conven- 
tion had  again  to  appeal  to  the  Academy  in  order  to  know 
what  advantage  it  would  be  to  leSne  as  much  as  possible 
the  coins  of  the  Bepublic  ? "  In  the  space  of  a  few  years 
science  had  become  a  necessity  to  society  at  lai^.*  In  the 
Constitution  of  the  regenerated  Academies  it  was  placed  at 
the  head,  as  the  most  important  department  of  knowledge. 


'  Mdury,  loc.  cii.,  vol.  i,  p.  329. 
See  also  Biot's  '  Eisai  lur  I'HiBtoire 
g^£r«l«  den  Sciencee  penduit  la 
EeTolution  franf&iae.'    Poru,  1S03. 

*  The  Iftst  eotiy  in  the  record  of 
tb«"proc^-verbaui  ds  I'Ac&d^mie" 
before  the  suspeneion  wu  »  Report 
by  Borda,  Laplace,  and  Lagnuige, 
in  uiaver  to  a  demaod  of  the  Cod- 
ventioD,  dated  39th  Januar;  1703, 
for  advice  od  the  new  aj«t«m  of 
WMghts  and  meaaurea  which  the 
Republic  ehould  adopt.  And  bo 
neceeiary  bod  tbe  usislanoe  of  men 
of  science  become  to  the  Govern- 
ment, that  even  during;  the  (uapeii- 


uon,  irhicli  lasted  from  the  Sth 
August  17S3  till  the  22nd  August 
17S&,  Lakanal  had  tucceeded  in 
procuring  the  following  decree  from 
the  Quvemment  of  the  CoDveotion : 
"La  ConveDlJon  nationale  d^crite 
que  lee  membres  de  la  ci-devaot 
Academic  dee  Scten««s  continutront 
de  I'assembler  dani  le  lieu  ordinaire 
de  leurs  stances,  pour  s'occuper 
spdcialement  dea  objeta  qui  leur 
Buront  HA  ou  pourront  laur  *tre 
renvoy^  par  la  Convention  nation- 
ale"  (Uaury,  loc  cit.,  p.  331  j 
Auooc,  '  L'ltiBtitut  da  France,'  p. 
ccvii,  Ik.) 
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The  influence  of  the  first  Napoleon  on  science  is  natxir-        m- 

iBllouioe  { 

ally  a  matter  of  as  much  coutroversy  aa  his  merit  in  ^j,^^ 
almost  every  branch   of  adminietratioii.      The  reports'  «ai^m<» 


^  Aoccrding  to  »  decree  of  the 
Qovemment,  d&ted  ISth  TratOae,  an 
X.  (4th  March  1802),  the  Imtitute, 
then  conautmi;  of  three  clames — 
the  "Aod^mie  dee  Scienoea  phy- 
nqnea  et  moth^oistiquea,"  the 
"AcedJmie  de«  Soieuces  morales 
et  politiquea,"  end  the  "Acedemie 
de  Litt^atare  et  Beeux-arte"^* 
mm  ordered  to  furninh  "  un  tableau 
de  I'etat  et  deB  progrte  dee  science*, 
de*  lettrea  et  dee  arte,  depuie  17S9 
jwqii'Mi  1"  vend*mi»ire  an  x." 
This  "tableau"  was  to  be  divided 
into  thtee  parte  according  to  the 
three  olaseei  of  the  Institute.  These 
Beporta  wen  to  be  repeated  oTer; 
five  years.  The  Brat  [and  only) 
Seporta  were  Dot  presented  before 
FebniaiT  and  March  1808.  The 
Repnblicaa  QoremmeDt  had  then 
been  enpereeded  by  the  EmjHre,  and 
tre  a  decree  ot  the  3rd  ptuviAae,  an 
XL  (23rd  January  1 803),  the  Institut* 
bad  been  rewganieed.  There  were 
now  four  classes  :  1.  De*  Sciences 
phyriques  et  math  jmatiques  (corre- 
•ponding  to  the  old  Acad^mie  des 
S<neDcea).  2.  De  la  langue  et  de  la 
Utt^ratuie  franfaiaee  (oorreapond- 
iog  to  the  old  Acad^mie  fnui;aise). 
3.  D'hietoire  et  de  litt^rature  and- 
enue  (oorreaponding  to  the  "  Acad- 
£niie  d' Inscriptions  et  de  Belles- 
lettres"}.  4.  Dee  beaui-arts.  "  On 
■upprima  k  claaee  dee  edencea 
moralea  et  politiques  qui  existut 
dane  t'oiganieation  du  3  brumaire, 
an  It.  Ce  fut  un  trait  caract^ris- 
tiqne  de  la  repugnance  du  premier 
Cmuol    pour    '       "' 


.  rhibaudeau,'LeCon«ulatet 
I'Empire,'  Paris,  1836-S7,  vol.  iii.  p. 
SS4).  Acoordingly  there  were  pre- 
pared four,  or  ntther  five,  Beports, 
he  first  in  two  part*  by  Delunbre 


the  second  by  Marie-Joeeph  Ch^ier 
on  the  progress  of  Literature  ;  the 
third  by  Dacier  on  the  progreia  of 
Hiatory  and  Claasical  Literature; 
the  fourth  by  Le  Breton  on  Fine 
Arts.  Of  theee  the  two  Beports  ot 
Delambre  end  Cuvier  gave  great 
satisfaction,  that  of  Dacier  gave  leea 
satisfaction  ;  Chdnier,  who  himself 
admired  the  eighteenth  •  century 
philosophy,  had  an  embaiTMsing  taaJt 
to  perform,  of  which,  bowever,  he 
acquitted  himself  worthily  (Thibau- 
deau,  loe.  eil.,  toL  vL  p.  667).  The 
Report  of  Chinier  has  been  aeveral 
times  reprinted.  The  new  science 
which  waa  founded  by  Condillao, 
Turgot,  Condoroet,  and  othen,  and 
which  ainwd  atin  tti>duciDK  the  truly 
scientific  spiritinto  peycbotogy ,  p^- 
cho-phy(i(sl  reseAi^ies,  and  quea- 
tJODs  of  society  and  Ic^iislatJon,  re- 
ceived no  recognition,  as  it  bad  alaa 
loet  its  representation  in  the  sus- 
pended "Acad^mie  des  Scienoea 
morales  et  politiques."  After  the 
re-e«tablishmeDt  of  tbia  section  of 
the  Institute  in  1832,  a  rt^al  decree 
of  22nd  March  1840  ordered  a  Bo- 
port  on  the  progress  of  the  Moral 
and  Political  Scienoee  from  1789  to 
1832.  The  task  waa  so  gnat  that 
it  could  not  be  accomplished  before 
the  Berolution  of  1348,  and  waa 
therefore  abandoned  (Aucoc, '  L'ln- 
slitut  de  France,'  pp.  S2  note,  300). 
Some  reference  to  the  subject  is 
contuned  in  the  Introduction  to 
Ch^ier**  Beport,  and  in  the  last 
chapter  of  Dacier's,  which  was 
written  by  De  Q&wido.  The  true 
hiitory  ot  tlie  new  ictecee  haa  been 
recently  written  by  F.  Pioavet, 
'Lei  Id&loguee,'  Fhu,  1861. 
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•-.j[.  /  rjrj  A  f^icjl^elambre  and  Cuvier  drew  up  at  his  request, 
touching  the  progT«88  of  Bcience  during  the  twenty  years 
which  followed  the  outbreak  of  the  Bevolution,  have 
become  classical  as  monumeiits  of  the  achievements  of  a 
great  age,'  and  as  examples  of  the  best  style  in  which  to 
treat  such  a  subject.  Written  immediately  imder  his  eye, 
they  cannot  be  considered  quite  impartial,  so  far  as  the  tone 
is  concerned  in  which  they  refer  to  his  personal  favours 
and  protection.*  There  can,  however,  be  no  doubt  that 
he  recognised  scientific  merit,  and  drew  many  eminent 
men  of  science  into  the  service  of  the  Government  The 
institutions  on  which  he  prided  himself  so  much, — the 
£cole  Normale,  the  £coIe  Polytechnique,  and  the  unfin- 
ished scheme  of  a  great  centralised  Institution  of  Learn- 
ing and  Education,  descending  from  the  heights  of  the 
Institute,  through  the  various  branches  of  the  higher  and 
secondary  into  a  multitude  of  primary  schools,  bearing 
the  name  of  the  "  University," — had  either  existed,  or 
been  planned  before  him.' 

miere;  1«  3  f^rr.  1808,  woom- 
pftgn^s  de  Bougunville,  presidmt, 
et  dea  dojrenB  de  toutea  lee  eectioni. 
Ls  c^r^moDie  ful  ulennelle  ;  I'em- 
pereur  fit  une  belle  reponae,  qui 
eat  imprimte  k  la  Gn  du  rapport. 
Je  BUI  le  lendemom,  par  M,  de 
S^ur  et  d'autrei  conaeillers  d'Ktat, 
qu  il  BVwt  eiprime  une  gnode  «atU- 
'      '  apport  en  parti- 


'  Napoleon  in  diacuning  at  the  i 
oouncil  meeting  the  decree  which  ! 
ordered  the  aeveral  reports,  said  to  ' 
Regnaud  ;  "Soignez  bien  cetCe  rd- 
daccion,  car  elle  sera  exomin^  par 
lee  pAiagoguea  de  toute  I'Europe" 
(Thibaudeau,  loe.  cit.,  vol.  ii.  p.  496). 

*  See  what  Cuvier  himself  says 
OD  thi>  aubj^t  (MemoireB,  be.,  in 
Flourena,  '  Elogea,'  vol.  iii.  p.  187): 
"Un  rapport  lur  le  progrte  des 
■cieocea  devait  £tre  preaenti  aui 
codbuIb  en  fructidor  an  xi.  .  .  . 
Ou  ae  fut  prit  qu'&  U  fin  de  1807  : 
ce  n'etait  pliu  aux  conauU  maia  ii 
I'empereur  que  1'on  arait  k  pre- 
senter le  tnTftil.  11  le  refut  avec 
nn  grand  appareil  dana  la  aeance  du 
oonieil  d'etat.  H.  Delambrs  et 
a  nOtre  le*  pre- 


■11  n: 


I'Etre,  dit-il.'  Cependant  je  m'etaiB 
bortie  II  I'itiTiter  i,  imiter  Alexan- 
dre et  b  (aire  toumer  sa  puissance 
au  profit  de  I'histoire  naturelle." 

*  Regarding  the  UoiverBitf,  Bee 
'  Code  Uaiversitaire  ou  Loia,  Statute 
et  B^lemena  de  I'Univeiaitti  Rojale 
de  France,  mis  en  ordre  par  M. 
Ambroise  Rendu,'  Paiii,  ISSG.     In 
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It  will  therefore  always  lemain  a  matter  of  doubt  to 
what  extent  he  or^nated  ideas,  or  merely  adopted  those 
of  others  before  and  around  him.  He  favoured  the  mathe- 
matical sciences,  and  created  great  prizes  for  physical, 
notably  electrical,  discoveriee,  partly  because  these  pursuits 
promised  to  surround  his  Government  with  glory,  partly 
because  he  recognised  their  practical  importance  for  the 
purposes  of  the  state  and  nation ;  partly  also,  because  he 
himself  had  had  a  mathematical  training.*     During  his 


the  iDtroductioDWB  read  u  follow! : 
"BouaputB  pBBHut  i  Turin.  Un 
jour  qu'il  ntrcoursit  le  palou  de 
rUniveniu  tond^  en  1771  par 
Chu-ln  EmmsDuel  III.,  il  m  fit  re- 
pr&eDt«r  lea  BtatutB  qui  r^giaaaient 
cett«  iuatitutioii.  11  j  vit  qunlque 
choae  da  graod  at  de  fort  qui  la 
frkppa.  .  .  .  Tout  ce  pUn 
d'^^otiou  ^t»bli  Bur  la  b*ae  lui- 
tiqua  et  impjriaaabla  de  U  toi  clir£- 
tieune,  tout  ceU  lui  plut,  et  il  en 
garda  la  mAnoire  jusqu'au  aain  d« 
■«  triomphw  en  It^ie  et  en  AUe- 
uugoe.  FUasui^  eufia  da  gloira 
militaire,  et  aongeant  nux  g4ii4r«- 
tiouB  futures,  aprta  avoir  loUdenient 
^tabli  I'admiDiatration  civile,  aprta 
avoir  raleve  lea  autela  et  promulgu^ 
le  Code  Napoleon,  iprte  avoir  par 
differqntea  loia,  aut>atitu4  lea  Ljo^ 
aui  Ecolea  Centialea,  Hgen^re  lea 
l^lea  de  HMedne,  et  crM  lea 
Ecolea  de  Droit,  il  voulut  fonder 
auBi  pour  ta  F^ce  un  iTitime 
entier  d'inatruction  et  d'Mucation 
publique.  II  se  souvenait  de  I'uni. 
venit^  de  Turin  et  I'agrandiuant 
comme  tout  oa  qu'il  touch^t,  dana 
la  double  proportion  de  aon  empire 
et  de  aon  genie,  il  fit  rUniveraiU 
imp^riale," 

'  Among  many  referenow  ndat- 
ing  to  thia  iilbjecl,  I  aelect  one  from 
Tillemain,  '  SouTenira  contempor- 
aina  d'Hiatoire  at-de  Litt^rature,' 
which  in  the  Grvt  volume  (S*™  id.. 


Paria,  1871,  p.  137)  containa  the 
deacriptioD  of  a  viait  to  the  Kcole 
Normate  in  1S12,  and  a  diacuuion 
with  NarboDDe,  to  whom  the  Em- 
peror had  fully  expressed  hia  aima 
regarding  education  and  learn- 
ing. "L'Empereur  o'eat  inquiet 
que  d'une  choee  dana  le  monde,  lea 
geua  qui  parlent,  et4  leur  dtfaut 
lea  gena  qui  penaenL  ...  II 
veut,  et  11  me  la  dit  vingt  foil,  que 
aon  rigne  aoit  signal^  par  de  grand* 
travaux  d'eeprit,  de  granda  ouv- 
ragea  litterairea.  £tre  lou^  comme 
inapirateur  de  la  acience  et  dee  arte, 
£tre  le  cbet  blatant  d'une  ipoque 
glorieuae  pour  I'eaprit  hamain,  c'eat 
I'idde  qui  le  fiatta  le  plua ;  o'eat  ce 
qu'il  a  chercb^  par  dea  Prix  IMoen- 
nauz.  ...  II  veut  (il  I'Ecole 
Hormale)  dea  ^tudea  fortement  claa- 
aiquea,  I'antiquit^  et  le  aiiole  da 
LouiaXIV.  1  puia  quelquea  ^l^menta 
de  eciencea  math^atiquea  et  plua 
tard  la  haute  gfom^trie,  qui  eat, 
dit-il,  le  Bublime  abatrait,  oomme  la 
grande  poiSaie,  la  nvude  Soquenoe 
eat  le  aublime  aeoaible."  Napoleon 
■aid  to  NarboDoe :  "  J'aime  lea 
acienoea  mathdmatiquee  et  phy- 
aiquea ;  chaeune  d'ellea,  I'alg^bre, 
la  cbimie,  la  botanique,  eat  une 
belle  application  partielle  de  I'eaprit 
bumain ;  lea  lettrea,  e'eat  I'eaprit 
humain  lui-mSme.  .  .  .  AuMJ, 
j'aideusambitiona;  Clever  la  Franoe 
au  plua  hant  degrd  de  la  puiaMUioft 
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campaigns  in  Italy  and  Germany,  and  on  his  expeditions 
to  Egypt  and  the  East,  he  surrounded  himself  with  some 
of  the  greatest  scientific  authorities,  such  as  BerthoUet 
and  Moi^e.  From  political  as  well  ae  personal  motives, 
„   3g.       he  dlBcountenanced  the  once  fashionable  sensualistic  phil- 

Ha  dlaonui- 

tenmmdthB  osophy.     This  philosophy  has  now  fallen  to  the  second 

^^^^of  rank,  though  still  represented  by  eminent  thinkers,  such 

^''"'**'''*  as  Cabanis,  Destutt  de  Tracy,  Daunou  and  Garat.     It 

was  these  thinkers  of  whom  Napoleon  sneeringly  spoke 

under  the  designation  of  "  Idtolc^es." ' 

After  all  that  has  been  said  by  admirers  to  magnify, 
and  by  opponents  to  minimise.  Napoleon's  merits  In  pro- 
moting the  cause  of  science,  and  In  spreading  the  modem 
scientific  spirit,  I  cannot  but  recc^iae  that  he  was,  amonget 
the  great  heroes  and  statesmen  of  his  i^,  the  first  and 
foremost,  if  not  the  only  one,  who  seemed  thoroughly  to 
realise  the  part  which  science  was  destined  to  play  in 


guerrUre  et  de  k  conquMe  ftffermie, 

Euie  7  d^vslopper,  j  axdter  toiu 
m  tnTaui  de  la  pam^  but  una 
^belle  qu'oD  n'a  pu  vue  depuii 
Louia  XlV.  C'eUic  la  but  de  mca 
Prix  Dicennaui  qu'on  m'aK&C^  p*r 
da  petit««  intriguea  d'iiUauifftiei,  et 
de  coaroDnemcQta  ridiculeo,  comma 
oelui  du  cat^hume  de  Saint- 
Lambart." 

'  A  full  aooouDt  of  theae  authors, 
their  induence  and  their  aima,  will 
ba  found  in  F.  Picttvet,  '  Lea  Idte- 
loguea,  F^wai  Bur  I'histoire  dee  iddea 
et  dea  th^riei  BCieuUfiquee,  phito- 
aophiquea,  religieuwa,  ko.,  en  ^naoe 
depuia  1780,'  Paria,  1891. 

Thibaude*u,  '  JJe  Conaulat  et 
I'Empire,'  givea  maof  detvla  re- 
garding Napoleon'a  connection  with 
■dence,  with  liMsture,  and  with 
the  growing  induatriea  of  Frftnoe. 
Among  the   latter  eee  eapedally 


the  great  efforta  made  to  aupeiaede 
oolonial  and  foreign  goods  l^  home 
produotioni.  Priiea  and  encourage- 
ments of  all  aorta  were  given ; 
tecboical  Kboola  and  ooUegee  were 
eatabliahed  ;  eihibitioni  were  pro- 
moted. Sheep  were  imported  from 
Spain,  lugar  was  made  from  raiaina 
and  beetroot,  saltpetre  and  soda  by 
chemical  proceaaea,  the  garanee  or 
madder  root  and  the  trrmi*  were  to 
take  the  place  of  oocAmtUf ,-  thenu- 
Ifl  the  place  of  the  imported  indigo. 
That  an  enormous  impetua  wsa 
thua  given  to  chemiatrj'  cannot  be 
denied.  (See  Thibaudeau,  piMitn, 
and  eepeciallf  toL  v.  p.  24S,  Ac) 
See  aim  Cuvier'a  'Rapport,'  ftc^ 
for  an  aoconnt  of  applications  of 
adeaoa,  eapecially  chemistrf,  pp. 
37S-38S,  and  DeUuubre,  'Rapport,' 
ftc,  pp.  S2S-SS2, 
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the  iinmediate  future.     This  part,  as  we  know,  it  has 
played  both  by  entirely  changii^  the  external  face  of 
things,  and  by  running  out  into  endless  applicationa ;  and 
we  have  ueen  the  importance  of  that  Btatiatical  spirit  of 
nnmbering,  measuring,  and  registering,  by  which  alone 
a  survey  of  complicated  phenomena  is  possible.     Of  the       o. 
statistical  method  Napoleon  himself  made  use  on  an  ex-  jjfjj^ 
tensive  scale:  perhaps  he  was  the  first  among  rulers  to  ^^ 
do  so.*     That  Uie  great  leader  of  men  has  to  recognise 
not  only  the  inductive  philosophy  of  statistics  and  aver- 
ages, but  likewise  governing  ideas  of  a  different  class, 
Napoleon  was  well  aware,  and  his  ultimate  failure  may 
be  traced  to  the  fact  that,  however  great  as  a  general 
and  as  a  calculator,  his  soul  had  no  room  for  those  high, 
religious,  and  unselfish  motivea  of  which  he  himself  said 
to  Fontanes,  that  they  in  the  end  always  decide  the  fate     ' 
of  nations.'     Yet  he  belongs  to  the  small  company  of 
great  military  figures  in  history — a  company  which  in- 
cludes Alexander  the  Great,  Csesar,  and  Peter  the  Great 


'  See  DeUmbre,  'Bapport,*  ko., 
p.  222.  "  Depuii  ]e  peu  da  temps 
qu'on  s'eD  [uc,  with  stalialinj  oc- 
cupe  en   FnDce,  elle  y  a  fait  lea 

flua  grands  profrbK,  au  moyen  de 
atl«Dticiii  particuli^  et  dei  ae- 
coun  que  te  Oouveraeiaent  fraufou 
donne  i  tout  lea  travaui  utilea. 
Lee  pr^ets  dea  ddpartemau  ont  M 
invito  k  racueillir  et  k  tranamettre 
Ml  Hmittre  da  I'iDt^rieur  lee 
nnaeignemena  lea  plus  preda  «nr 
toatea  1««  qneiUaiw  qni  aoot  du 
raaaorti  de  la  Btatiatiqu&" 

■  Sea  *  CBurrea  Utt^rairea  d« 
N^kiIAm  Bonaparte,'  vol.  UL  p.  6 ; 
CoDTenation  avec  FontaDea,  Saint 
Ckmd,  IS  Sept.  1808  :  "FoDlanee, 
•  que  j'admire  le  plua 
ndal     Ceat  I'iaipnia- 


■Bnce  de  la  fonia  pour  organiaer 
quelqua  choM.  11  c'f  a  que  deux 
puiaaaaoeB  dans  le  moiide :  le  aabra 
et  I'eeprit.  J'entenda  par  Teqirit 
Im  inatitutioDB  civilee  et  religieuaea. 
A  la  Iong;ue,  te  aabre  eat  toujoun 
battn  par  I'etprit."  Also  vol.  it. 
p.  423  ;  "  Lea  vraiee  couquetea,  lea 
■eulee  qui  ne  dtsineut  aucun  re- 
gret, Bont  ceux  que  Ton  fait  eur 
FigDoiKDoe.  L'ooeupation  la  plua 
hoDonble  comma  la  pine  utile  pour 
lea  natioiie,  c'eat  de  omtribuer  k 
rezteuaion  dea  i64e»  bumajnea.  La 
vrw«  puisaanca  de  la  B^bliqne 
franfaiae  doit  oonaiater  d^aonnaia 
k  ue  pat  penoeltre  qu'il  eii»te  nne 
■eute  idje  Douvelle,  qui  ne  Ini  ap- 
partienne." 
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— who  have  succeeded  in  pennanently  inscribing  their 
names  in  the  annals  of  science  beside  those  of  its  true 
and  great  representatives.  Some  of  the  gloiy  of  Laplace 
«.  and  Cuvier  tails  upon  him.  Except  for  this  Napoleon  has 
uMfnS^Mt-  scarcely  a  place  in  the  history  of  thought.  In  it  those 
«ov«.  ^]jQ  ^gj.g  Nt^wleon's  eeiTants  are  rulers  and  lawgivers ; 
it  is  they  wlio  enlighten  our  century.  They  were  the  first 
great  exponents  of  the  scientific  spirit,  nursed  under  the 
influence  of  the  academic  system.  This  was  peculiarly 
a  product  of  the  French  mind  and  culture.  It  is  well 
to  recall  in  the  words  of  Cuvier  what  the  scientific  spirit 
is.  At  the  end  of  the  report  which  he  presented  in  the 
year  1808  he  says:'  "These  are  the  principal  physical 
discoveries  which  have  hghted  up  our  period,  and  which 
open  the  century  of  Napoleon.  What  hopes  do  they  not 
raise !  how  much  does  not  the  general  spirit  signify, 
which  has  brought  them  about,  and  which  promises  so 
much  more  for  the  future !  All  those  hypotheses,  all 
those  suppositions,  more  or  less  ingenious,  which  had 
still  so  much  sway  in  the  first  half  of  the  last  century, 
are  now  discarded  hy  true  men  of  science :  they  do  not 
even  procure  for  their  authors  a  passing  renown.  Experi- 
ments alone,  experiments  that  are  precise,  made  with 
weights,  measures,  and  calculation,  by  comparison  of  all 
substances  employed  and  all  substances  obtained :  this 
to-day  is  the  only  legitimate  way  of  reasoning  and 
demonstration.  Thus,  though  the  natural  sciences  escape 
the  application  of  the  calculus,  they  glory  in  being  subject 
to  the  mathematical  spirit,  and  by  the  wise  course  which 
they  have  invariably  adopted,  they  do  not  expose  them- 

'  'Rapport,'  &c,  p.  S%». 
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selves  to  the  risk  of  taking  a  backward  step ;  all  their 
propositions  are  estahlished  with  certainty,  and  become 
so  many  solid  foundations  for  that  which  remains  to  be 
built."  ^ 

Nor  can  we  look  upon  the  great  prominence ,  which       41. 
Cuvier  gives  to  French  names  in  the  course  of  his  survey  t>raaiin«Dc« 
as  unjust  or  partial     He  was  well  aware  of  the  contribu-  ™^i,r 
tions  of  other  nations :    no  one  has  spoken  in  more  gen-  '^''^''■ 
erouB  and  correct  terms  of  Priestley  and  Cavendish,  of 
Banks  and  £umford,  of  Pallas,  Werner,  and  Humboldt. 
We  must  admit  the  correctness  of  the  remark,  "  that 
even  in  those  departments  where  chance  has  willed  that 
Frenchmen  should  not  make  the  principal  discoveries, 
the  manner  in  which  they  have  received,  examined,  and 
developed   them,  and  followed  them  out  into  all  their 
consequences,  places  their  names  next  to  those  of  the 
real  iuventors,  and  gives  them  in  many  ways  the  right 
to  share  in  the  honour."  ' 

In  the  first  decades  of  this  century  the  home  of  the 
scientific  spirit  was  France :  for  though  not  bom  there, 
it  was  nevertheless  there  nursed  into  full  growth  and 
v^our.      But  it  soon  set  out  on  its  wanderings  through 

'  Compare  alto  tlie  "lU&eiioDB  |  tecfaoologf  tail  ■griculture,  u  ud- 
«ur  U  Durcha  actuella  des  3d-  .  equalled  ornniutiouB  for  higher 
eocea,"  being  the  latroduction  to  i  instruction,  he  drmin  attention  t« 
the  '  Elogaa  hiatoriquee,'  toL  L  p.  i  the  Bbaence  of  equally  elBcient  ele- 
1,  &c.  .   mentarj  ichooU  ud  to  the  neglect 

'  'Rapport,'  p.  891.     It  ia  also'       '     "  

remarkable  how  clearly  Cuvier  here 
announce*  the  defecta  which  the 
teaching  of  acience  waa  sUll  labour- 
ing under.  Whilst  he  right) j 
praiaea  the  gieat  Paria  inatitutiona, 
the   medical   achoola,   the    mathe- 


thoae  provincial 
which  before  that  age  had  already 
done  BO  much  to  diaaemioate  know- 
ledge and  learning.  At  the  end  of 
our  century  both  France  and  Great 
Britain  have  atill  only  very  partially 
supplied  the  wanta  which  Cuvier  act 
clearly  defines  in  the  beginning. 
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other  lands  and  nations.  At  the  end  of  our  century — 
nay,  even  during  the  whole  of  the  second  half — we  find 
this  spirit  naturalised  in  Italy,  in  Germauy,  in  England, 
in  the  north  and  eaet  of  Europe.  There  is  now  no  science 
which  can  be  named  pre-eminently  after  one  nation.  All 
nations  have  contrihuted  their  share  to  the  cosmopolitan 
power  and  influence  which  science  possesses.  They  have 
enlarged  and  deepened  the  scientific  spirit  and  widened 
its  career.  Thus  far  it  has  been  the  growth  of  the 
scientific  spirit  which  has  occupied  us ;  we  must  now 
proceed  to  study  its  diffusion,  and  learn  to  recc^ise  the 
peculiar  features  which  Germany  and  Ei^land  have  on 
their  part  contributed.  In  doing  so,  we  must  turn  away 
for  a  moment  from  the  academic  system  with  which  we 
have  been  specially  occupied. 
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"  No  AuguBtan  epoch  flowered, 

No  Loreiuo  favoun  sboirflTed 

Ever  Gennui  Art  upon ; 

She  wu  not  by  glory  aouriihed 

And  her  blouom  never  flourished 

In  the  myg  of  Roj»l  aim." ' 


Ferhapa  with  more  correctnesa  Schiller  might,  early  in 
the  centuiy,  have  applied  these  lines  to  German  eoience 
than  to  German  art.  If  art  and  poetiy  were  only  slightly 
indebted  to  princely  protection,  German  science  was  still 
less  so.^     Leibniz's  scientific  labours  languished  while  he 


'  Schiller,  "  Die  deuUche  Huee." 
'  AstroDom;  waa  the  only  science 
that  enjoyed  some  little  princely 
favour.  William  IV.,  surnamed 
"the  Wise,"  son  of  Philip  the 
Magnanimous  of  Hewe  and  himself 
Elector,  waa  an  astronomer  of  some 
note,  and  stood  in  intimate  re- 
lations with  Mercator,  Tycho,  and 
other  astronomers.  In  ISSI  he 
built  hiniBelf  an  obMrvatory  at 
Cassel  and  appointed  Rothmann  to 
(m  hia  "  MathematicuB."  Frederick 
n.  of  Denmark  gaf«  Tjebo  a 
magnificent  obeervatory,  called 
"Urankaburg,"  irhere  he  laboured 


waa  then  employed  by  the  Empero 
Rudolf  II.,  and  inaugurated  the 
observatory  in  Prague  (1509-1001)  ; 
he  made  Kepler  bis  assistant,  and 
enabled  the  latter  by  the  use  of  his 
observations  to  Bnd  and  prove  his 
three  celebrated  laws  ("  Astronomia 
nova,"  Prague,  1609  ;  "Harmonice* 
mundi,"  Lm*,  1319;  "Tabuin 
RudolphinED,"  1627).  Full  details 
wUl  be  found  in  Rudolf  Wolf, 
'  Qeschichte  dcr  Astronomie,'  Miin- 
ohen,  1877,  p.  2SS,  tc. 
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occupied  the  position  of  hlatoriographer  and  diplomatist 
at  the  Court  of  Brunswick,'  and  Tobias  Mayer's  valuable 
observations  were  only  published  with  the  aid  of  English 
money.'     But  if  the  German  princes  did  little  or  nothing 


'  iMbaix  (1046-1716)  entered, 
1676,  the  service  of  John  Frederick, 
Duke  of  HaDover,  u  libramn  aod 
councillor,  The  Duke  died  1S7B, 
Md  Erueet  Augustus,  who  in  1692 
was  made  Elector  of  Hsuover,  suc- 
ceeded him.  Leibniz's  time  wm 
taken  up  with  diptomfttic  and  leg;a1 
researches  and  negotiations  refer- 
ring to  the  position  of  the  House 
of  Hanover,  and  the  reunion  of  the 
Protestant  and  Roman  Catholic 
Churches  ;  latterlj  with  genealogi- 
cal and  antiquarian  studies  refer- 
ring to  the  history  of  the  House  of 
Brunswick.  He  wrote  the  '  Annales 
imperii  occidentis  Brunsviceoses,' 
beginning  with  the  ytar  768,  the 
date  of  the  acceesion  of  Charles  the 
Great,  from  whom  Leibniz  proved 
that  the  House  of  Brunswick  de- 
scended through  the  Italian  House 
of  Este.  He  carried  the  history 
down  to  the  fear  1005,  closing  a 
few  days  before  his  death  with  the 
words  "  quos  ex  tenebris  eniendos 
nliorum  diligentite  relinquo.l'  The 
work  was  not  printed  till  1843, 
when  G.  H.  Pertfc  the  ftnit  editor 
of  the  celebrated  'Monumenta 
Oermaniic'  founded  hy  the  great 
Stein,  published  it  with  an  elabor- 
ate preface.  Of  the  annoyances  to 
which  Leibniz  was  subjected  in  the 

in  the  correspondence  with  the 
Minister  von  BemstoriT  (1705-16), 
published  by  Doebner,  Hanover, 
1SS2,  introduction.  See  also  Quh- 
rauer,  'Leibaitz,  eine  Biographie,' 
2  vols.,  2nd  ed.,  Breslau,  1646. 
Considering  the  greatness  of 
Leibniz  in  so  many  diffsrent 
directions,     his    motto     is     note- 


worthy :  "  Didici  in  mathematicis 
ingenio,  in  natura  experimentis,  in 
legibus  diviois  humanisque  auctori- 
tate,  in  historia  testimoniis  niten- 

»  Tobias  Mayer  (1728-621,  bom 
at  Marbach,  the  birthplace  of 
Schiller,  from  17fil  Professor  of 
Economics  and  Mathematics  at 
Qottingen.  To  use  the  words  of 
Karslen  Niebuhr,  "  Though  he 
had  never  seen  a  big  ship,  he 
taught  the  English  how  to  deter- 
mine the  longitude  on  the  open 
sea."  He  competed  for  the  great 
prise  of  £20,000  offered  in  1713  by 
the  Board  of  Longitude  (or  a  method 
of  determining  the  lougitude  at 
sea  within  i"  accurate!;  ;  smaller 
prizes  being  offered  for  an  accuracy 
of  j°  and  1  .  The  prize  of  £5000, 
and  subsequently  of  £10,000,  was 
awarded  to  Harrison  in  17G8  and 
1764  for  his  chronometets.  Euler 
and  Mayer  laboured  in  a  different 
direction  at  the  aame  subject,  h; 
publishing  lunar  tables  and  per- 
fecting the  lunar  theory.  After 
repeaUd  revisions,  Mayer  sent  his 
tables,  1756,  to  London,  where  they 
were  submitted  to  Bradley,  who  re- 
ported favourably  on  them.  After 
further  corrections,  and  after  slso 
submitting  his  theory,  Mayer's 
widow  received,  in  176G,  £S0O0, 
Euler  £3000,  and  the  work  was 
published,  1770,  by  order  of  the 
Board  of  Longitude,  under  the 
title  '  TabulK  motuum  solis  et 
lunEB  novio  et  currecttc,  auctore 
Tob.  Mayer ;  Quibua  accedit 
methodus  longitudinum  promota 
eodem  auctore.' 
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furthered  her  cauae  most  powerfully  by  founding  that 
great  institution  of  culture,  which  more  than  anything 
else  is  characteristic  of  the  German  mind,  in  which  it 
has  found  its  most  perfect  expression,  and  where  it  can 
he  tuost  exhaustively  studied — the  system  of  the  Giennan 
universities. 

"  There  is  no  people,"  says  Mr  James  Biyce,  "  which 
has  given  so  much  thought  and  pains  to  the  development  i> 
of  its  university  system  as  the  Germans  have  done — none  ^ 
which  has  profited  so  much  by  the  services  universities 
render — none  where  they  play  so  large  a  part  in  the 
national  life." '  If  it  is  correct  to  say  that  this  system 
owed  ita  foundation  to  the  German  princes,  it  is  equally 
true  that  its  development  is  the  work  of  the  German 
people.^      It   may  be   doubtful    whether,   without   the 


Storthe 


'  See  Jamea  Bryoe's  preface  to 
the  EnglUb  tnnaUtion  ot  Conrad's 
valuable  book,  '  The  German  Uni- 
Teraities  for  the  laet  Fifty  Tean,' 
Glaacow,  18S5,  p.  ziiL 

'  A  great  deal  has  been  written 
about  the  Qerman  uniT«rdti«s. 
For  tbe  purposes  of  a  Hialory  of 
Thought,  1  conBae  mjseU  to  a 
reference  to  the  valuable  imtiiu;a 
of  F.  Pauleen,  '  Oeachichte  dei 
gelehrten  DDtnricbta  auf  den 
deutachen  Schulen  und  Uoiverai- 
^tan,'  Leipiig,  18SG,  aod  two 
Msays  ID  tbe  45  th  volume  of 
VoQ  Sjrbel'i  'Hiatoruche  Zeit- 
•obrift,'  1861.  The  euceeeding 
phase!  of  mediievat  and  modem, 
of  Soman  C»thoIic  and  Protaitant, 
of  the  thought  of  the  Church,  the 
Kenaiuance,  the  claMJcal  and  the 
modem  ideals,  are  all  reflected  in 
the  foundadon  and  reform  of  the 
nnivenities  and  high  schools  of 
Germany  and  the  nirrounding 
oountrie*.  Tbe  jtrtt  foandations, 
in  imitatioD  of  tha  univenitiea  of 


Paris  and  of  Italy,  were  Prague 
1343,  Vienna  ISas,  Heidelberg 
1386,  Cologne  13SS,  Erfurt  1392, 
Wiirtburg  1402,  Leipsio  HOB, 
Rostock  14tQ.  A  itccnd  epoch — 
under  the  influence  of  the  human- 
iatic  atudies— begins  in  the  middle 
of  the  fifteenth  century  and  adda 
eight  new  foundatiooa— Oreifawald 
14G6,  Freiburg  1457,  Trier  1457, 
Basel  14Se,  Iiigolsladt  1472,  Tiibio- 
gen  1477,  Mains  1477,  Wittenbei^ 
1502,  Frankfort  on  the  Oder  IGOS 
(Paulsen,  'QeschicbM,'  p.  14).  A 
tAird  epoch  b^ins  wiUi  the  Refor- 
mation. The  first  Protestant  uni- 
versity U  Marburg,  founded  by 
Philip  of  Hesse,  1524.  Melanch- 
tbon  s  influence  is  everywhere  deci- 
sive. Tubingen  i*  lecunstituted  by 
Duke  Ulrich  1635 ;  Leipnc  by  Duke 
George  1639.  Basel,  afl«r  three 
yean  suspension,  is  reopened  1532. 
Frankfort  on  the  Oder  is  reopened 
by  Joachim  of  Brandenburg  1687, 
who  also  founds  the  new  University 
of  Eonigsberg  1541.     Greifswald  i« 
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individiud  influence  of  the  fonner,  without  the  divided 
interests  of  the  dismembered  empire,  without  the  con- 
flicting rel^ouB  viewB,  the  political  and  personal  rivalry 
of  the  many  states  and  sovereigns,'  so  many  scattered 
centres  of  culture  and  learning  would  have  sprung  so 
early  into  existence;  but  it  is  not  doubtful  that  it  ia 
owing  to  the  common  interests  of  the  nation,  to  the 
uniting  tie  of  the  same  language,  the  same  thought,  and 
the  same  aspirations,  that  these  scattered  centres  have 
been  in  course  of  time  united  into  a  great  network,*  a 
vast  organisation  for  the  higher  intellectual  work  of  the 
nation  and  of  mankind.  The  German  nation  may  pride 
itself  on  possessing  at  the  present  moment  the  most 


reooD>titut«d  on  >  Protettant  fouo- 
dfttion  1GS9;  BoaUick  in  1640-60| 
Heidelberg  by  the  Elector  Frederick 
II.  in  16i4.  Jem  u  founded  1S58 
b;  JahD  B^ederick,  Helmatadt  by 
Julius  o[  Bruntwick  in  IMS ;  Oie*- 
■en  followed  in  1607  ;  Rintela  in 
1621;  Altdorf  in  1662.  Of  the 
grCAWnt  influence  on  Qennui  cul- 
ture were  the  Dutch  Proteatuit  uni- 
vereitiee — Leyden  1S75,  Frsneker 
IGSG,  Utrecht  1634,  Hftrderwyk 
1648  ;  they  were  for  >  long  time — 
u  formerly  the  ItAli&n  univeraitiei 
— the  goal  of  the  young  Hcbolar'a 
WkDderingi  {Paulwn,  p.  179). 
They— M  well  u  OeneTa— held  a 
nmilKT  position  to  the  Scotch  uni- 
veraitiee  (see  Sir  A.  Grant,  'Story 
of  the  Univeraity  of  Edinburgh,'  vol. 
i.  pp.  21, 126, 188, 913, 229, 233, 263, 
274,  233,  297,  &c,  vol.  ii.  p.  263). 
A  /otirih  epoeh  begins  with  the 
fouudfttioa  of  H&lle  1694,  the  first 
really  modem  univenity  (Paulsen, 

L863).    The  spirit  of  Bkwh  uid 
ibniz,  repreeented  by  Thomasiui, 
is  the  leading  power ;  it  ie  not  by 


(the  eoH^led  "pietiit")  is  as  im- 
porUmt  a  factor  aa  Thomuitu. 
Oerman  is  subetituted  for  Latin. 
Other  univeraitie*  follow  the  re- 
form, thus  Eiinigaberg  178S, 
Leipsic,  Wittenberg,  Helmstfidt, 
Kiel,  TUbinsen,  &c.  A  fi/lh  epoch 
— the  evolution  of  the  ideal  of 
science  in  the  Oerman  senie,  Wit- 
lenichafi — Ijegina  with  the  founda- 
tion of  Giittingen  in  1737.  Of  this 
mora  in  the  text. 

'  Conrad,  loc,  eil.,  p.  2  !  "  There 
is  ecarcely  a  stronKer  bond  of  con- 
nection lietwoen  tka  various  parts 
of  Oermany  thtui  that  supplied  by 
the  universiUea,  and  in  no  other 
respect  bare  the  iMurier*  that  sep- 
arated State  from  State  been  >o  long 
broken  down.  .  .  .  The  historical 
development  cannot  be  accurately 
traced  unless  the  growing  extent  in 
which  the  south  Q^man  univeieities 
are  attended  by  students  from  the 
north  be  kept  in  view." 

*  See  especially  Paulsen's  remarks 
referring  to  the  foundation  of  Oot- 
tingenunderQeorgelLCQeechichta 
dee  gelehrten  Cntenichta,'  p.  42fi). 
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powerful  and  beet  equipped  army.  But  this  ia  only  the 
creation  of  the  present  age.  With  greater  pride  it  may 
boast  of  having  trained  in  the  course  of  centuries  the 
largest  and  most  efficient  intellectual  army,  ready  at  any 
moment  to  take  up  and  carry  to  a  successful  issue  great 
scientific  undertakings  demanding  the  intense  thought 
and  labour  of  a.  few  secluded  students,  or  the  combined 
efforts  of  a  large  number  of  ready  workers.  This  army 
is  scattered  through  the  length  and  breadth  of  the  land, 
and  even  beyond  its  frontiers  in  neighboum^  countries, 
wherever  universities  and  high  schools  are  situated.^  It 
is  not  a  stationary  power,  but  is  continually  on  the  move 
from  south  to  north,  from  west  to  east,  to  and  fro,  exchang- 
ing and  recruiting  its  forces,  bringing  heterogeneous  ele- 
ments into  close  contact,  spreading  everywhere  the  seed 
of  new  ideas  and  discoveries,  and  preparing  new  land 
for  still  more  extended  cultivation. 


'  The  extent  of  the  Ocmuii  uni- 
nrsit;  ayBtem  caonot  be  ealinuted 
by  the  twenty  univerutie«  marked 
OD  the  nup  atbHhed  to  the  tmu- 
letion  of  Conntd'i  book,  aa  theie 
represent  only  the  filiating  univer' 
sitieaof  the  preaentOennui  empire  ; 
nor  yet  by  the  forty-three  umver- 
sitiea  given  in  the  appeadii,  p.  200, 
a«  they  contain  only  tome  of  the 
Atutrian,  but  none  of  the  Swisa 
univendUea  ;  nor  even  by  taking  up 
Ascherson's  valuable  '  Deutacher 
Univenitale-Kalender,'  which  con- 
toiUB  the  Oermao-speaJdng  univer- 
iitiea — thirty-four  in  number  in 
1887— but  of  course  doea  not  oon- 
toin  the  nanus  of  thoM  which  have 
been  auppreaaed.  There  are  also 
the  univeraitiea  of  Denmark,  Nor- 
way, and  Sweden,  which  have  ex- 
changed many  important  profewora 
with  Germany,  and  thoae  ot  Hol- 
land in  older,  <A  Belftium  in  modem 
TOL,  I. 


timea,  which  have  done  the  aame 
thing.  The  Riuiian  univenitiea 
alao  were  largely  organised  on  Qer- 
nun  modela,  though  tm<x  the  re- 
forma  of  1333  they  um  at  a  more 
national  character.  BnndLa  found- 
ed the  Univeraity  of  Athena  on 
Oerman  linea  in  1637.  The  Huamao 
Univeiaity  at  Kohui,  that  "ultima 
muaarum  Thule,"  waa  founded  in 
1804,  and  Qottingen  supplied  ita 
fiiat  profeaeors.  From  there  and 
from  the  hardly  lees  remote  Tnm- 

Slvanian  town,  Maros  VlEs^hely, 
ere  isaued  the  revolution  of  our 
fundamental  notion*  in  geometry, 
and  there  is  reason  to  beheve  that 
both  Lobachdvaky's  and  Bo^'ai's 
theories  are  ultiouttely  connected 
with  the  speculations  of  Oausa. 
See  Prot  A-  Vaailiev's  Address  on 
Lobachdvsky,  tranalatKl  by  Halated, 
p.  G  tqq. 
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It  is  not  my  inteDtion  to  dwell  on  the  hiatory  of  the 
Gennan  universitieB,  on  the  gradual  growth  of  the  univer- 
sity syatam ;  though  every  stage  in  that  history  is  interest- 
ing and  important  if  we  wish  to  understand  the  inner  work- 
ing and  usefulness  of  this  great  oi^nisation.  Neither  do 
I  wish  to  do  more  than  just  mention,  as  an  equally  impor- 
tant subject,  the  geography  of  the  Oerman  universities ; 
how  through  nearly  fifty  larger  or  smaller  towns,  in  the 
'-  course  of  six  centuries,  learning  and  higher  education  have 
been  spread  over  the  Gterman-speaking  countries  of  Europe. 
These  figures  alone  suggest  the  intricacy  of  the  subject, 
the  many  springs,  the  continual  ebb  and  flow  of  the  rising 
tides  of  ideas,  the  many  courses  of  thoi^ht,  the  many 
schools  of  learning,  the  internal  conflicts,  the  unavoidable 
friction,  the  healthy  competition  and  rivalry,  the  repub- 
lican spirit,  the  impossibility  of  any  creeping  stagnation 
of  life,  the  absence  of  any  lengthened  tyranny  of  doctrine, 
of  an  oppressive  hierarchy,  or  of  idols  of  opinion  and 
belief.  I  leave  it  to  my  readers  to  indulge  in  comparisons 
easily  su^ested  by  these  different  aspects,  to  fasten  upon 
the  strong  and  upon  the  weak  points  of  this  great  system 
of  the  Oerman  universities.^     What  I  wish  to  emphasise 

'  The  migration  of  Btudents  aa 
well  u  of  eminent  profesaon  From 
one  umvenitf  to  another  ii  one  of 
the  most  impartaut  featurea  of 
Oermui  academic  life.  TbuB  we 
find  the  imaginative  tendencies  of 
the  southern  intellect  repreaent«d 
b;  Hegel  aod  Schelliog  in  philo- 
sophy transplanted  into  the  midst 
of  the  encjcIopEedic  and  logical 
•cienoee  of  the  North,  or  into  the 
oentre  of  industrial  Switz^tand  in 
the  penon  of  Viacber ;  the  theo- 
logioal  criticism  of  the  Tubingen 
■(£ool    vandering    northward    to 


"3  ' 

the  philological  criticiam  of  Oott- 
tried  Herrmann  locating  itself  in 
Ziiricb  in  his  celebrated  pupil  and 
biographer  Eochlf ,  and  in  Bavaria 
through  Thiersch.  Jacob!  came  from 
tbs  loner  Bbine  to  Munich,  wher« 
also  Liabig  formed  a  centre  of  mod- 
em sdentiGo  celebrities.  Savignjr 
in  Berlin  and  Thibaud  in  Heidel- 
berg represent  the  historical  and 
philoaopbical  schools  of  Oerman 
jurisprudence.  Vienna  for  a  long 
time  was  the  most  celebrated  Oer- 
Dum   training-school    of   practical 
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very  Btrongly  here  is  the  existenee  in  the  midet  of 
European  life,  all  through  our  century,  of  this  vast  organ- 
isation for  intellectual  work,  this  great  engine  of  thought ; 
and  to  assign  to  it  one  of  the  foremost  places  among  the 
great  ^encies  with  which  we  shall  have  to  deal 

The  b^inning  of  the  present  century  found  this  great 
institution  of  university  education  in  full  swing  among  all 
the  Crerman-speaking  nations.^  The  eighteenth  century 
brought  it  to  that  state  of  perfection  in  which  we  have 
been  accustomed  to  see  it.  In  the  course  of  that  century 
it  outgrew  its  earlier  and  more  limited  phases  of  existence, 
its  period  of  more  leatrioted  usefulness ;  it  emancipated 
itself  from  Court  and  personal  favouritism,  from  ecclesias* 


FoUdevDl. 

tneQaiiBio 
nDlT«ralt7 


mediciae  knd  iurger;,  wbereM  Ber- 
lin coQcmtnited  the  great  repra- 
Miit*tiT«a  of  the  more  recent  ioien- 
tific  developmaDU.  In  the  course  of 
the  Tut  hundred  yean  no  one  uni- 
verut;  bos  been  allowed  to  reuin 
(or  any  length  of  time  the  aupremocy 
Id  an;  ungle  branch.  The  light 
baa  quickly  been  diffused  all  over 
tbe  cauutry,  when  once  kindled  at 
one  point.  How  will  the  future 
compare  in  this  respect? 

'  This  is  not  quiM  the  case  ae 
r^arda  Switzerland.  The  dty  of 
Baaet,  which  before  Uie  Beformation 
was  the  seat  of  much  learning,  the 
names  of  Sebastian  Brandt,  Reuch- 
Un,  and  Erasmus  being  iniimatelf 
connected  with  it,  hod  a  university 
from  11G9.  The  ant^oniam  to 
clauioal  and  polite  literature  which 
characterised  a  large  section  of  the 
Beformers  {see  Paulsen,  p.  12S  >qq.) 
deatroyed  many  flourishing  centres 
of  culture  ;  amongst  them  the  Uni- 
Tenity  of  Basel,  which  was  sus- 
pended in  1G2&,  wbm  the  city 
accepted  the  Reformation,  but  re- 
opened thi«e  yeM*  later  in  1S32. 


Oenent,  though  this  is  outside  of  the 
German-speaking  area  and  presents 
a  culture  quite  peculiar  to  itself, 
had  an  academy  from  1569,  with 
man;  celebrated  professore  and 
numerous  students  at  theology  from 
all  countriee  of  Europe.  Lauaanue, 
Bern,  and  ZUrich  had  ooUeges  or  high 
schools  in  the  seventeenth  century. 
But  down  to  the  nineteenth  century 
Basel  renuuned  the  only  university 
in  the  Continental  sense.  The 
reasons  why  Switierlaad  developed 
her  university  system  so  late  are 
diacussed  in  Tholuok,  'Daa  akade- 
mische  Leben  des  17*™  Jahrhun- 
derta,'  vol.  iL  p.  SI4,  he.,  where 
also  minute  information  is  given  on 
the  several  high  schools  of  Snitxer- 
land.  The  question  is  interesting, 
seeing  that  the  greatest  in  many 
branoliea  nf  ainence — such  as  Ber- 
noulli, Euler,  Haller,  Cuvier, 
Steioer — have  come  from  Switser- 
lajid,  and  that  by  reason  of  the 
names  of  Rousseau  and  Peatalom  it 
baa  become  the  centra  of  modem 
ideas  on  educaUon. 
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tical  protection  and  influence;  it  acquired  throi^h  the 
statutes  of  govemmentB  or  special  foundations  larger  and 
better  secured  means  of  subsistence ;  it  substituted  the 
vernacular  for  the  Latin  tongue.  The  circle  of  studies, 
thoi^;h  from  early  times  professedly  all-embracing,  did 
not  become  worthily  filled  up  and  cultivated  with  equal 
s. .      and  impartial  care  till  the  fourth  faculty,  the  phUoso- 

Bophioa  pAical  fcteulty,  was  properly  developed.  Theolc^,  law, 
and  medicine  conduct  their  studies  for  practical  ends 
and  purposes ;  the  two  former  especially  were  frequently 
liable  to  be  used  merely  for  the  ends  of  the  Church  or  the 
State ;  but  the  philosophical  faculty  embraces  all  those 
studies  which  aim  at  establishing  truth,  be  this  defined 
as  merely  formal  or  as  real,  as  belonging  to  method  or 
to  knowledge.  We  can  aaaign  a  definite  date  to  the 
firm  establishment  of  the  "  libertas  philosophandi,"  and 
the  professed  introduction  of  the  "  libertas  docendi "  in 
the  university  prt^amme^ — namely,  the  opening  (in 
8.        1734)  of  the  University  of  Gottii^n  (inaugurated  in 

rttJotoX  \.*IZ1\  " The  foundation  stone,"  says  Professor  Paulsen, 
"  of  the  academic  constitution  is  the  '  libertas  docendL' 
On  this  point  Von  MUnchhausen,  whom  we  may  call  the 
real  founder  of  the  university,  and  his  two  advisers, 
Mosheim,  the  Uieologian  of  Helmstadt,  and  Bohmer,  the 
jurist  of  Halle,  were  agreed.  All  'inquisitiones,'  so  writes 
the  former,  choke  the  powers  '  ingeniorum,'  and  spoil  the 
beginnings  of  a  learned  society.  He  advises  above  all 
that  the  greatest  care  should  be  used  in  the  equipment 
of  the  theological  faculty.  Accordingly  MUnchhausen 
laid  his  eye  upon  men  whose  teachii^  led  neither  to 

'  FftulMD,  '  Ootchkhte  da  gelehrtfls  Uutemohta, '  p.  424,  ka. 
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'  Atheismo '  oor  '  Natur&Uamo,'  who  neither  attack  the 
'articuloe  fundamentalee  religionis  evangelicee,'  nor  in- 
trodnce  enthuaiaani,  nor  yet  evangelical  popedom.  Like- 
vise  the  juxiste  received  full  freedom  for  teaching  and 
for  the  expiession  of  legal  opinions,  whereas  at  Halle, 
following  the  common  rule,  the  Prussian  interest,  at 
least  in  matters  of  public  law,  was  the  measure  of 
things.  At  Gottingen  the  chief  stress  was  laid  on 
the  culture  of  the  essentially  modem  sciences.  In  the 
foremost  rank  stood  the  administrative  and  historico- 
political  branches  where  Putter,  Achenhach,  Schlozer, 
Gatterer,  Heeren,  gave  to  the  nnivereity  her  world- 
wide fame ;  the  mathematical  and  scientific  branches  are 
marked  by  the  brilliant  names  of  Haller,  Lichteuberg, 
Blumeubach,  Eastner ;  the  philological  branches  by 
Gesner,  Heyne,  Michaelis.  The  university  met  the  de- 
mand for  enoyclopfedic  diBcourses.  Munchhausen  ar> 
ranged  in  1756  that  a  member  of  each  faculty  should 
deliver  a  public  course  on  the  whole  field  of  the  sciences 
taught  there ;  in  the  philosophical  faculty  Gesner  treated 
philologico-bistorical,  Kastner  physico-mathematioal  sub- 
jects. An  'Index  Lectionum'  of  the  year  1737  shows 
nine  professorships:  1.  Politics  and  Morals.  2,  History 
of  Literature.  3.  History.  4.  Elocution  and  Poetry. 
5.  Lc^o  and  Metaphysics.  6.  Oriental  Languages.  7. 
Mathematics  and  Physics,  6.  Administrative  Sciences ; 
to  which  is  added,  lastly,  a  professorship  of  Philosophy 
without  special  definition."^ 

It  is  evident  that,  owing  to  their  constitution,  as  well 

*  The  original  aDdowmmit  of  < 
tiagen  wu  fixed  kt  16,000  thai 
«qtwl  to  £2400.     This  wm  e 
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aa  to  their  number,  the  German  universities  were  destined 

to  become  the  moet  powerful  organisation  for  the  diffusion 

T.        of  knowledca     FurUier,  they  hare  been  in  the  course  of 

BtliMoii  of  °  '  •> 

^™[[^«"  the  present  century  more  closely  linked  with  many  hun- 
•"^"'^  dreds  of  high  schools,  and  with  the  growing  number  of 
technical  schools.^  For  both  of  these  they  bad  to  train 
the  teaching  staff,  and  from  the  ranks  of  these  the^ 
again  largely  filled  their  own  chairs.  Thus  they  not 
only  combined  in  themselves  the  spirit  of  research  and 
the  profession  of  teaching,  but  they  infused  into  the 
widely   scattered   teaching    staff   of    many   hundreds   of 


'  The  teehnical  schools  in  Gar- 
numy  fuid  Switzerland  ire  a  crea- 
tion of  modern  times.  We  can  dii- 
tbguiah  three  clawes.  (1)  The 
"ReaUcbule."  This  itanda  id  a 
kind  of  oppodtion  to  the  "  Latin 
school."  The  name  (according  to 
Paulsen,  p.  483)  occur*  Erat  in  Halle, 
nhere  the  archdeacon  Semler  ea- 
tabliahad  in  1700  a  mathematini 
and  mechanical  "BeaUcbule."  J.  J. 
Becker  eetabliihed  at  Berlin  in  17S8 
an  '  *  ecoDomico'inathematical  Real- 
achule."  The  object  of  theee  schoola 
wai  to  teach  "  Realia,"  to  introduce 
practical  rather  than  learned  infor- 
tnatioi].  A  special  development  was 
the  "  philanthropiaiam "  of  Base- 
dow, well  known  even  to  English 
readers  from  Lewea'a  Life  of  Qoethe 
(see  vol.  i.  p.  276,  &c.)  (2)  A 
aecood  olas*  embraces  the  ' '  Oewer. 
beschuten,"  which  may  be  rendered 
"School*  of  industry."  Karl 
Schmidt  ('Oerchichta  der  Pada- 
gogik,'  vol.  IT.  p.  1S3)  calla  Beuth 
the  founder  of  them  in  Prussia, 
1S17,  and  givea  the  school  of 
Aachen  as  the  first.  The;  form 
a  kind  of  bifurcation  with  the 
higher  olaasei  of  tbe  Oymuaaia  (or 
leuned  schools).  The^  may  be 
mora  specially  commercial,  agricul- 


tural, or  military.  (3)  Out  of  th«se 
a  third  class  —  answering  to  the 
growing  demand  for  the  practical 
application  of  the  higher  mathe- 
matical sciences  — has  grown  up, 
named  polytechnic  ichools.  ,  The 
celebrated  Ecole  Poljtechnique  of 
Paris  ha*  been  the  modeL  The  first 
of  this  class  in  Qennany  wss  estab- 
lished at  Vienna  in  1S16.  Then 
followed  Munich,  Hanover,  Karls- 
ruhe, Stuttgart,  Kiirnberg,  Augs- 
burg,  Darmstadt,  Ziirich,  Aachen, 
Utterly  also  Berlin  (Reichsanetalt) 
and  Brunswick  (CaroUnum).  In 
many  ways  they  equal  the  univer- 
sitiea  in  the  BcieotiGc  spirit  of  their 
teaching.  What  is  wanting  is  the 
philosophical,  the  historical,  the 
encyclopecdic  treatment.  In  this 
respect  the;  form  in  their  beat 
examples  a  contrast  to  the  Qotting- 
en  programme.  To  many  serious- 
thinking  minds  they  indicate  the 
gradual  dissipation  of  the  German 
ideal  or  WitKnickaft,  the  nalrowiug 
down  of  Wiitentchi^  to  science  in 
the  English  and  French  mtoning  of 
the  word.  Their  danger  lies  in  the 
direction  of  being  contented  irith 
practical  usefulness,  as  the  danger 
of  the  Oerman  type  of  university  lay 
in  being  conteotM  with  erudition. 
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schools  the  same  habit — almost  absent  in  other  conntriea 
^-of  looking  upon  private  study  and  research  as  a 
neceasary  qualification  of  the  lecturer  and  teacher.  The 
educational  oiganisation  of  the  combined  universities  and 
higher  schools  has  thus  become  an  equally  powerful 
organisation  for  research,  and  for  increasing  knowlet^. 
Wherever  the  prc^iressof  learning  and  science  requires 
a  large  amount  of  detailed  study  inspired  by  a  few  lead- 
ing ideas,  or  subservient  to  some  common  design  and  plan, 
the  German  universities  and  higher  schools  supply  a  well* 
trained  army  of  workers,  standing  under  the  intellectual 
generalship  of  a  few  great  leading  minds.     Thus  it  is 


thouffhi  and  learning  as  Germany,  and  none  can  boast  of  " 
having  started  and  carried  throt^h  such  a  large  number 
of  gigantic  enterprises,  requiring  the  co-operation  and  col- 
lective  application  of  a  numerous  and  well-trained  staff.' 
The  university  system,  in  one  word,  not  only  teaches 
knowledge,  but  above  all  it  teaches  research  This  ia 
its  pride  and  Uie  foundation  of  its  fame. 


'  The  editiona  of  the  uicieDt 
idaMici  brought  out  by  TaucbaiU, 
Weiduuuin,  uid  T«ubaer  are  well 
known.  Tbe  collection*  of  the  Hie- 
tones  of  &U  countries,  begun  by 
Heeren  >nd  Ukert  and  continued  in 
tbia  century  by  tbe  publisbing  firm 
of  Salomon  Hinel  of  Lcipiic ;  the 
'Jahreabericbte,'  started  by  Ber- 
Ecliua  for  cbemistry,  and  now  sapor- 
ately  conducted  for  all  the  different 
Bcieucea ;  conUoii  aummariea  of  the 
labours  of  the  whole  world  syate- 
matioally  arranged.  There  ia  tbe 
geographical  establishment  of  Feter- 
mann  at  Ootha ;  not  to  apeak  of 
publications  specifically  national, 
auchaathe'MonunieDtaOernianiw,' 


aa  other  countries  poasesa  aimilar 
undertaking!.  Von  Zach  naa  the 
first  to  eatabtiah  a  regular  inter- 
national  organ  for  aatronomical 
olaerrations.  It  naa  starWd  in 
1798,  and  soon  became  tbe  "  living 
organ  of  astronomy,"  equally  ap- 
preciated by  Lalande  and  Gauee. 
Tbia  "  monthly  "  waa  soon  succeeded 
by  Schuioacher'a  "weekly,"  the 
'  Astronomische  Nachrichten.'  See 
Wolf,  '  Oeschichte  der  Astronomie,' 
p.  7M,  Ac.  Humboldt'a  and 
Oauas'a  scheme  for  a  network  of 
magnetic  observations  all  over  tbe 
world   was   taken  .up   by  Engliak 
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It  is  a  useful  and  interesting  task  to  trace  iatellectual 
developments  and  habits  to  their  external  causes.  The 
centralisation  of  the  powers  and  resources  of  a  whole 
nation  into  one  capital,  as  was  the  case  in  Borne  and  in 
Paris,  may  explain  the  brilliancy  of  their  literaturee ;  the 
more  scattered  and  diffused  cultvire  of  Greece  and  of 
Germany  is  likewise  reflected  in  their  many  schools  of 
thought  and  learning;  the  insular  position  of  England  has 
impressed  its  advantf^es  and  disadvant^ee  upon  her 
history,  and  has  influenced  her  mental  life.  These  influ- 
ences have  frequently  been  pointed  out  and  examined. 
The  historian  of  thought  has  another  and  more  difficult 
task  to  perform.  Habits  of  thought  and  intellectual 
qualities  never  become  the  property  of  a  lai^  number  of 
persons  unless  they  assume  a  definite  form ;  throu^  this 
they  become  a  marketable  article  which  can  be  communi- 
cated and  transmitted,  and  in  which  those  also  can  par- 
ticipate from  whom  the  deeper  motives  and  higher  aims 
remain  hidden.  Every  school  has  its  watchword,  in  which 
its  leading  thought,  its  ideal,  is  embodied.  The  widely 
scattered  and  yet  closely  connected  community  of  intel- 
lectual workers  represented  by  the  German  university 
system,  which  covers  with  its  network  of  universities  and 
high  schools  the  German-speaking  countries  of  Europe, 
has  during  the  period  of  its  greatest  influence  developed 
its  own  special  ideal,  and  it  has  expressed  this  in  a  special 
word — namely,  the  word  Wissensehaft.  Neither  the  French 
nor  the  English  application  of  the  word  science '  corre- 
sponds  to  the  use  or  gives  the  meaning  of  the  word 
Witsensehaft.     This  meaning  cannot  be  defined  by  any 

'  Compore  the  noUa  at  the  beginnuig  of  tlia  last  cbapter,  p.  89,  Ac. 
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allele  word  in  the  EogUsh  language.  Expressions  such 
as  "  student  of  science  "  or  "  science  tripos  "  have  a  mean- 
ing in  English,  but  they  would  have  none  if  translated 
into  German.  In  each  case  the  word  Witserueha/i  would 
require  a  qualification.  An  "  Acad^mie  des  Sciences " 
could  not  according  to  German  usage  exist  separately 
beside  an  "  Acad^mie  fran^aise "  or  an  "  Acad^mie  des 
Inscriptions,"  for  it  would  include  them.'  Scientific 
treatment  in  England  means  the  exact  experimental  or 
mathematical  treatment  of  a  subject :  no  one  ever  calls 
Bentley  *  or  Gibbon '  a  great  scientific  writer,  though  in 

man."  The  mkny  b^^ninga  which 
hs  b&d  laid  for  aubBequeiit  criticU 
raaearch  among  the  ancient  claaaical 
authm  were  tsiken  up  abroad  by 
roeo  like  HeyDe,  Reii,  F.  A.  Wolf, 
Gottfried  Hermaon,  and  Fried  rich 
Ritschi,  in  whoae  hands  tbcy  have 
deveioped  into  a  ipeciol  achool  of 
pbilologf,  counting  probabty  o*er 
a  hundred  reprewnUtives,  nutDj  of 
whom  liaTe  openly  avowed  their  in- 
debtedneulo  Bentley.  (SeeKocUy, 
'Oottfried  Hermann, '  Hddalbore, 
1874,  pp.  lis  iqq.,  142,  18S.  Rib- 
beck,  'FYiedr.  WUh.  Hitachi,"  2 
voli.,LeipEig,  187S  and  1S81,  vol. 
i.  p.  228  i  »oL  ii,  pp.  Ill,  176,  So., 
418,  42«.) 

>  Qibbm  (1737-94)  gave  a  new 
impetu*  to  the  study  oTtbe  history 
of  Boman  law  thiou^  the  c«ls- 
brated  44th  chapter  of  his  '  Decline 
and  Fall  of  the  Roman  Empire.' 
It  wai  translated  by  Profcesor 
Hugo  of  Qbttingen  and  Frofesaor 
Wamkonig  of  Li^e,  and  has  been 
used  as  the  text-book  on  Civil  Law 
in  aome  of  the  foreign  universities. 
8e«  Smith's  edition  of  Oibbon's 
History  with  the  Not«a  of  Hilman 
and  Quiiot,  chap,  iliv.,  note. 
Herder,  Savigny,  and  Niebuhr 
stand  all  under  the  immediate  in- 
flueuM  at  QibboD,  and  Leasing  saw 


'  The  two  older  academies  in 
Paris,  the  "  Acad  jmie  des  Sciencea  " 
and  Uie  "Acad^miedes  Inscriptions 
Bt  BeUea  Lettres,"  covered  very 
netkrly  the  same  ground  as  the 
modon  Berlin  "  Academie  der  Wis- 
sensehaften  und  Kuna(«,"  which 
is  divided  into  two  clones,  the 
"matbematisch-naturwiMenscbaft- 
liche  "  and  the  ' '  philoaophisch-his- 
toriache  Clane,"  the  two  sidea 
being  equally  comprised  under  the 
term  WiMtetaelmftm.  A  similar 
division  eiiata  in  tbe  learned  so- 
cieties of  Vienna,  Leipdc,  Munich, 
and  Qottingen. 

»  Richard  Bentl^  (1882-1742), 
popularly  known  in  England  mainly 
through  bis  Boyle  Lectures,  his 
oontmversy  about  tbe  Epiatlea  of 
Phalaris,  and  his  thirty  years'  feud 
as  Maater  of  Trinity  College,  Cam- 
bridge, with  the  dona  of  his  col- 
lege, but  hardly  known  ' '  aa  the 
first,  perhaps  the  only.  Englishman 
who  can  be  ranked  with  tbe  grckt 
heroes  of  claancal  learning"  (Hark 
Pattison,  'Ency.  Brit'),  was  from 
tbe  first  recognised  as  a  eonsum. 
mat«  genius  by  the  scholan  of  Ger- 
many, bv  Qrieviua  and  Spaobeim, 
who  weloomed  bim  as  "novum 
et  lucidum  Britannia)  udus,"  as 
"splendidtsaimnm    Britannin    lu< 
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Germany  each  stands  at  the  head,  and  fonns  the  b^in- 
itiDg,  of  a  definite  scientific  movement     The  distinction 
between  scientific  and  philoeophical  thought  which  I  have 
explained  in  the  Introduction  would  be  unintelligible  it 
science  were  translated  simply  by  Wimentehafi ;  the  word 
Wissenachaji  ia  not  opposed  to,  but  embraces,  the  word 
philosophy :  Fichte,  whose  whole  doctrine  was,  according 
to  French  and  English  ideas,  almost  the  reverse  ot  scien- 
tific, uses  the  word  Wissefucha/tslehre  to  denote  and  char- 
acterise his  system.'     In  fact  the  German  word  for  science 
has  a  much  wider  meaning  than  sdenee  has  in  French  or 
English;  it  applies  alike  to  all  the  studies  which  are 
10.       cultivated  under  the  roof  of  "  alma  mater ";  it  is  an 
MdS'ita     '"^^   specially  evolved  out  of   the  German  university 
2^^^    system,   where    theolt^,  juiisprudence,  medicine,  and 
f*"^       the  special   philosophical  studies   are   all   held   to    be 
treated  "scientifically,"  and  to  form  together  the  universal, 
all-embracing  edifice  of  human  knowledge.*     Such  an 


in  him  kiodred  teodeDdea,  though 
ia  K  diSersDt  direction  (aee  Watten- 
bach,  'Zum  Andeokea  Lessing's,' 
p.  23). 

■  Fichte  (1762-1814)  begin*  hii 
firat  philosophical  work,  published 
in  1784,  with  the  word»,  "  Philo- 
sophy a  B  acience,"  and  he  then 
proceeds  tn  give  to  his  philoiophy 
the  term  iViuentclufftdchrt,  or  geii- 
eml  doctrice  or  theory  of  uaence. 
A  further  deflnition  which  ho  gives 
ia  u  foUoWB :  "A  science  has  e 
systenutic  form ;  all  propositjons 
In  it  hang  together  in  one  UDgle 
fundamental  pmpoalttoii.  and  are 
united  b;  it  into  a  whole."  It  is 
evident  that  whoever  approached 
Fichte's  writings  with  the  ideal  of 
science,  as  it  wae  established  by 
the  labours  of  Lavoisier  and  the 
gt«*t  French  acadeiniciuiB,  would 


not  accept  these  first  aentencea  of 
Fichte's  book.  He  would  admit 
that  the  Bciencee  as  cultivated  by 
the  great  Frenchmen  bad  a  unity 
of  method,  the  exact  method,  the 
method  of  observation,  measure- 
ment, and  calculation,  but  not 
neceBsarily  a  unity  of  system,  or 
a  highest  all-embradng  propoaition. 
It  is  evident  that  science  means 
to  Fichte  something  more  than  it 
meant  to  the  Acsd^ie  de?  Science* : 
it  meant  Wuten*ekafi,  not  merely 
methodical,  but  systematic,  unified 
knowledge. 
'  It  would  be  an  intereeting  task 
trace  in  Oermaa  literature  from 


the  1 


ilution  ot  the  idea  o 
lehaft,  to  eee  how  the  word  has 
grown  in  pregnancy  and  signifi- 
cance till  it  bec*me  firmly  eatab- 
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idea,  the  nee  of  Bueh  a  term,  conld  only  be  bom  and 
developed  where  the  different  faculties,  the  various 
branches  of  knowledge,  lived  habitually,  for  many  ages, 
nnder  the  same  roof,  coming  into  continual  contact,  and 
learning  to  r^ard  each  other  as  members  of  one  family, 
aa  integral  parts  of  one  whole.     The  German  university 


liihed  u  denoting  a  moral  u  much 
a>  Ml  intellectual  ideal,  which  it  vu 
the  dut;  of  the  Oarman  universitj 
to  uphold  and  to  realiie.  Such  an 
inveetigation  would  have  to  show 
how  the  enoycloptedie  viow  is  repro- 
aented  by  LeibniK,  bo  w  Win  ckelmann 
applied  the  term  to  the  studies 
oE  antiijuity,  how  Leming  taught 
method  aod  cleameHB,  how  Herder 
widened  uid  deepened  the  view,  ex- 
tending it  to  the  elemental  forcei 
aa  well  a<  to  the  flniahed  torjot  of 
human  culture,  how  it  was  finally 
raised  a«  the  itatidard  of  Qcman 
Dnivereit;  toMJiing  b;  F.  A.  Wolf 
and  W.  von  Humboldt,  finding  an 
eloquent  expOHitiou  in  Ficbte's  lec- 
tures on  the  "  Nature  of  the 
Scholar "  ('  Vorlesuugeu  Uber  das 
WeHD  dee  Gelehrten,'  Erlangen, 
1806],  and  a  practical  realisation 
in  the  foundation  of  the  Uniienitj 
of  Berlin  in  1S09,  during  the  period 
of  Oermany's  greatest  degradation. 
The  following  words  erf  Fichte 
have  reTcrberaled  in  the  soul  of 
many  a  Oennan  scholar  to  whom 
Fich(«'a  philosophy  was  unknown 
or  distasteful,  and  this  same  spirit 
has  leavened  and  united  studies 
which  stand  apparently  in  no  con. 
nection  with  each  other.  "Tlie 
acholar "  (and  specifically  the 
teacher  of  scholars)  "shows  his 
respect  for  science  [  WittttlKAa^ 
as  such  and  because  it  is  science, 
for  science  generally  as  one  and 
the  tame  divine  Idea  in  alt  the 
various  brenches  and  forms  in 
which  it  appears."  Of  one  who 
may  be  seduced  into  overeatimat- 


ing  1 
"ft  1 


^  branch,  Fichte  saya : 

t  becomes  evident  that  he  bat 
_.  _  .  .  .  led  science  as  One, 
tliat  be  has  not  comprebended  his 
own  branch  as  ooming  out  of  this 
One,  that  he  thus  does  not  himself 
love  his  branch  as  scienoe  but  only  as 
a  trade ;  this  lova  of  a  trade  may 
otherwise  be  quite  laudable,  but  in 
science  it  excludes  at  once  from  the 
name  of  a  scholar.  ...  In  the  aca- 
demic teacher  science  is  to  speak, 
not  the  teacher  himself,"  he  is  to 
■peak  to  "his  hearer*  not  as  his 
hearers  but  as  future  servants  of 
science,"  he  is  to  represent  the  dig- 
nity of  science  to  coming  genera- 
tions (Fichte,  Werke,  vol.  vi,  p. 
48S,  kc.)  I  have  myself  heard 
expressions  similiar  to  these  from 
the  mouth  of  one  who  representAd 
what  we  should  now  consider  the 
very  opposite  phase  of  nineteenth- 
century  thought,  from  one  of  the 
earliest  representatives  in  Germany 
of  exact  research,  Wilhelm  Weber 
of  Oottjngen.  Driven  into  a  comer 
by  the  questionings  of  devoted 
friends  as  to  his  own  discoveries 
and  contributions,  which  he  was 
modestly  fond  of  tracing  to  Gauss, 
and  unable  to  deny  bis  own  part, 
he  would  warmly  exclaim,  ' '  But 
is  it  not  possible  that  science 
could  do  somethinft  herself  t"  Pro- 
fessor Adamson  has  pointed  out 
('Fichte,'  in  "Philos.  Classics,"  p. 
79)  how  the  fundamental  idea  m 
these  writings  of  Fichte  has  been 
made  fsmilisr  to  English  reader* 
through  the  teaching  of  England's 
greatest  modem  moralist,  Cwlyle. 
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Bystem  has  the  merit  of  haviDg  elaborated  the  widest  con- 
ception of  science,  of  having  fixed  the  highest  and  most 
general  scientific  standards.  Opposed  to  science  is  that 
which  is  unscientific,  dilettante,  popular ;  that  which  is 
not  a  vocation,  but  a  handicraft ;  that  which  grows  and 
lives  outside  of  the  great  university  system,  including  in 
this  the  innumerable  learned  schools  which  form  its  base, 
and  the  academy  which  forms  its  summit. 

What  France  and  England  have  elaborated  and  termed 
Science,  is  called  in  Germany  Exact  Science;  but  it  is 
opposed  to  the  German  ideal  of  science  to  hold  that  the 
exact  method  is  the  only  method  which  deserves  to  be 
called  scientific.^ 


I  Thii  ia  perhtipt  not  quite  cor- 
rect. No  doubt  the  term  "  exact 
Sciencea  "  ii  tt«ed  frequeotlj  during 
the  lut  half  -  century  to  denote 
the  niathematiol  and  eiperimen- 
M  sciences ;  verj  much  in  the 
■■me  aense  u  we  lee  them  de- 
fined b;  Cuvier  in  the  beginning 
of  the  century,  and  deacribed  u 
the  ground  covered  by  the  bbours 
of  the  "  Academic  dee  Sdenoea." 
There  eiista,  howeTer,  in  Germany 
another  Bchool  of  thought,  very 
[nfluential  throughout  Uiii  cen  - 
tury,  and  one  Uiat  has  exerted 
a  very  wide  and  wholesome  influ- 
ence, which  standi  in  no  connec- 
tion whatever  with  the  mathema- 
UcaL  sciences,  though  it  applies  the 
word  "exact"  toils  meth(>da  and  re- 
searches. This  is  the  echool  whioh 
maintains  that  the  real  introduc- 
tion Is  the  study  of  antiquity  lies 
in  a  knowledge  of  the  ancient,  pre- 
eminently the  cUndcol,  languages, 
as  exact  and  precise  as  any  mathe- 
matical knowledge  could  be,and  ceM 
in  an  acquisition  of  such  precise 
knowledge  the  training  necessary 
tor  succesa  in  philologiMl  and  hie- 


torioal  research,  just  aa  famili- 
arity with  mathematical  formuho 
and  measuring  instruments  haa  long 
bean  considered  quite  indiapensable 
training  to  suocess  in  the  natural 
sciences.  Of  this  view  Gottfried 
Hermann  may  be  considered  as 
a  somewhat  one-sided,  Friedrich 
BitschI  as  a  more  profound  and 
far-seeing,  but  equally  energetic 
KpiasentatiTe.  It  ia  BitschI  who 
was  the  most  influential.  Without 
at  present  entering  into  the  con- 
troversies whioh  existed  between 
what  were  termed  the  "Spncb- 
philotogen"  and  the  "Saeh-philo- 
logon,"  I  deaire  here  to  refer  to 
tile  fact  that  such  very  different  re- 
presentstiTes  of  thought  as  Ficbte, 
Weber,  and  Hitachi,  Uiau  whom  no 
men  could  be  more  dissimilar  in 
cast  of  mind,  all  find  their  ideal 
expressed  in  the  word  WUitntelufft. 
I  have  quoted  Fichte,  the  specu- 
lative geneialiser,  and  Weber,  the 
exact  mathematical  physicist.  I 
will  add  wliat  Ritachl,  the  critical 
philologist,  says.  He  trusted,  ■■ 
his  bii^apber  reports,  "in  the 
indeatruolible    magnetic   force   of 
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Before  the  methods  of  exact  science  were  introduced 
into  Germany  under  English  and  French  inSuences,  the 
Oermana  poeseesed  many  scientific  methods.  There  was 
the  science  of  philosophical  criticism,  established  by 
Kant;  the  science  of  historical  criticism,  of  Biblical 
criticism ;  the  science  of  philology :  all  these  professed 
to  have  methods  as  definite,  aims  as  lofty,  and  a  style 
as  pure,  as  the  exact  science  brought  with  them. 

At  present  a  tendency  of  thought  may  exist  in  Gier- 
many,  akin  to  the  positive  philosophy  in  France  and 
England,  which  aims  at  introducing  the  methods  of  the 
natural  sciences  so  as  to  cover  the  whole  ground  of  re- 
search, and  to  allow  of  no  other  methods.  Should  it 
succeed,  it  will  destroy  the  essential  features  of  the 
German  university  system,  and  with  it  the  ideal  of 
Wisaensckafi  as  it  has  existed  in  all  the  leading  minds 
of  Germany  during  the  last  hundred  years. 

I  intend  to  come  back  to  this  subject  later  on,  and 
to  define  more  clearly  what  the  German  ideal  of  science 
— what  WisMtwcAo/H — is.  That  which  we  are  occupied 
with  at  present  is  the  diffusion  of  the  scientific  spirit,  in 
the  narrower  sense,  as  it  was  firmly  established  in  Franoe 
throi^h  the  great  mathematicians  and  scientists  at  the 

the  Btudiea  of  cluaokl  KiUquit;"; 
he  mAiatuned  that  philology,  u 
adeace,  not  the  bturen  truniog  of 
A  pedagogic  Baminirj,  ii  the  only 
right  thing  for  future  moHtem. 
"  The  good  teacher  must,  even  tor 
teaching  purpoaea,  have  and  know, 
both  in  quantity  and  quality,  more 
than  he  requires  for  immediate 
progrew  ;  the  portion  b«  requirea 
for  immediate  oommuDication,  for 
praeticnl  testing  purpoaea,  must 
be  deliveivd  out  ot  the  fulneM  and 


contain  the  germs  of  further 
dcTelopment.  Such  depth,  tuch 
fructifying  power,  come*  only  from 
science "  ( Wutetue/mft).  See  Rib- 
beck,  'Leben  Ritachl'a,'  vol.  ii.  p. 
277.  Andaa  every  mode  of  thought, 
if  clearly  fe!t  and  active,  finds  ita 
eipreaiioD  in  languftge,  «o  Bitschl 
vu  fond  of  characUriung  bis  scien- 
tific method  bj  the  word  JUpfSna. 


b,Goo(^lc 


174 


SCIENTIFIC  THOUGHT. 


beginning  of  this  century,  aa  it  is  summed  up  in  their 
works  and  in  the  Memoirs  of  the  Institute.  What 
reception  did  it  find  in  Germany  ?  How  has  it  thriven 
under  the  German  univeiBity  system  ?  These  are  the 
questions  which  interest  us  at  present. 

The  general  recognition  of  the  purely  scientific  studies 
conducted  on  a  lai^  scale  by  the  French  Academy  of 
Science,  as  an  int^al  portion  of  the  German  university 
syllabus,  belongs  to  t^e  beginning  of  the  present  century. 
During  the  first  forty  years  of  the  century  complaints 
were  continually  heard  that  some  of  the  most  important 
sciences  were  not  worthily  represented.^     The  eighteenth 

and  polilica]  point  of  view  by  reeaon 
of  iU  workiog  grot  cluuigw  uid 
revolutions,  industrial  knd  other, 
insists  OQ  the  n«oeasit;  of  teach- 
ing chemistr;  scientiflraill;,  and  not 
with  an  immediate  practical  biu. 
In  this  rwpect  be  is  aa  much  a 


'  One  of  the  latest  ii 
such  complaint  is  to  be  fouod  in 
J.  Liebig's  paper  ' '  On  the  state  of 
Chemistry  in  Austria"  ('Annaleu 
der  Pharmacie,'  1888,  voL  ixv.  p. 
SB9].  This  was  followed  by  the 
highly  interesting  pamphlet  '  On 
the  state  of  Cljemistry  in  Prussia' 
(Braunschwsig,  I8i0).  According 
to  the  eminentr  author,  chemistry 
was  the  science  which  was  the  latest 
to  attain  a  worthy  domicile  and  an 
independent  footing  in  the  great 
univeiBities  of  Gemaoy.  Mathe- 
matical physics  had  a  centre  at 
Eonigsbeigi  physiology  had  been 
established  aa  an  independent  aci- 
enoe  at  Berlin  through  the  ^point- 
ment  of  Johannes  Miiller  in  1333, 
chemiatry  was  hUU  only  taught  in 
Prussia  in  connection  with  other 
branches  of  science,  with  medicine, 
with  technology,  with  minaralogy. 
There  were  do  chemical  laboratonea 
to  be  found  in  Prussia-  Men  like 
Rose,  Rammelsberg,  Mitscherlich, 
received  none  or  only  the  scantiest 
support  in  their  practical  courses  of 
chemistry.  It  is  interesting  to  note 
how  Lietng,  whilst  pointing  to  the 
enormous  importance  which  chem- 
istry poeseasM  from  an  economic 


spirit  in  the  wider  aense  aa  the 
great  men  mentioned  in  the  note 
to  p.  17].  The  following  passage 
(p.  39)  may  still  be  read  with  in- 
terest and  profit :  "  I  have  found 
among  all  who  frequent  this  labora- 
tory tOieasen]  tor  technical  pur- 
poaea  a  prominent  inclination  to 
occupy  themselvM  with  applied 
chemistry.  They  usually  follow 
hesitatingly  and  with  some  suspi- 
oion  my  advice  to  lea*B  alone  all 
this  time-absorbing  drudgery,  and 
simply  to  become  acquainted  with 
the  necesBOTj  ways  and  means  of 
solving  purely  scientific  queetiona. 
By  following  this  advice  their  minds 
learn  easily  and  quickly  how  to  find 
the  best  means ;  they  themseWe* 
adapt  them  to  oircumstanoss  and 
modify  them ;  all  opeiation 
analyses,  which  serve  to  aso 
a  certain  state,  which  must  be 
made  in  order  to  find  the  condition* 
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century  produced  in  Germtmy  mea  of  great  scientific  im- 
portance ;  but  their  position  was  irr^ular  and  uncertain, 
and  they  undoubtedly  do  not  wholly  or  excluaively  belong 
to  the  histoiy  of  the  university  system.  Leibniz,  Euler, 
Haller,  Werner,  Markgraf,  Tobias  Mayer,  Lambert,  and 
Humboldt  are  all  intimately  connected  with  the  growth  of 
modem  science :  their  position  and  sphere  of  action  were 
in  each  case  different.^     Leibniz  was  a  courtier,  Euler  an 


for  tlie  (olution  of  the  problem, 
have  t,  definite  wnse  ;  e«ch  of  them 
posuuea  >  certain  charm  which 
diapeb  fatigue,  and  if  the  queation 
is  reallj  nuwered,  then  they  know 
the  wkya  knd  meoni  of  attuniog 
limihu'  endi.  I  know  many  who 
ore  now  at  the  head  of  aodu-,  Titriol-, 
eugar-factories,  of  colour-worka  and 
other  eatabliihments.  Without  ever 
having  hod  anything  to  do  with  tfaem 
beforehand,  they  were  in  the  firet 
half-hour  acquainted  with  the  pro- 
cenei,  the  eecond  already  brought 
a  number  of  appropriate  improve- 
ment!, &C.,  kc.  Situilarly  Helm- 
holt!  in  ISQS  ('Reden,'  toI.  i.  p. 
143):  "He  who  in  the  cultivation 
of  the  (cieucee  Euma  at  immediate 
practical  uaefulnees,  may  be  pretty 
sure  that  he  will  miaa  hie  aim- 
Science  [  WiuenMckafli  can  aepire 
only  to  a  perfect  Imowledge  and 
a  complete  undentanding  of  the 
away  of  phyaical  and  mental  forcee. 
The  individual  worker  must  find 
hie  reward  in  the  joy  over  new 
diBooveriea,  as  new  victoria*  of 
mind  over  matter,  in  the  sethe- 
tical  beauty  which  an  orderly  dis- 
play of  knowledge  affords,  ftc,  Ac" 
How  little  do  our  modem  colleges 
of  science  oorreepoad  with  this  view 
of  Wiutnteh^ft/ 

'  On  Leibpix  (1649-1716),  see  p. 
US;  Werner  (1760-1S17),  p.  118; 
and  Tobiae  Mayer  {1723-62),  p- 
I5S.  A-vonHumboldt(17SS-18G») 
Is  well  known  to  English  readen. 


Leonhard  Euler  (1707 -S3),  a  native 
of  Boael,  passed  the  greater  part  of 
bis  life  at  St  Petersburg  H  a  mem- 
ber of  the  Academy,  a  portion  of 
it  (1741 -SS)  as  an  Academician 
at  Berlin-  He  has  been  termed 
the  ^ther  of  pure  mathematica, 
inasmuch  as  he  freed  mathemati- 
cal analysis  from  geometrical  con- 
ceptions, eatablished  the  notion  of 
fuDction  or  mathematical  depend- 
ence, and  did  much  to  make  the 
theory  of  numbers  an  independent 
branch  of  science.  His  memoirs 
are  ssid  to  number  nearly  a  thou* 
sand  ;  his  works,  if  all  printed , 
would  fiU  60  to  80  quartos  [see 
Hankal,  '  Die  Entwicklung  der 
Mathematik,'  Tubingen,  1SS4,  p. 
12).  Andreas  Sigiemund  Markgntf 
(1709-82)  was  bom  and  lived  at 
Berlin,  a  member  of  the  Academy- 
On  his  various  chemical  researches 
see  Kopp,  'Oeschichteder  Chemie,* 
vol.  i.  p.  208.  Albrecht  von  Haller 
(1708-77)  was  a  native  of  Bern. 
He  was,  next  to  Leibnis,  perhaps 
the  most  encjclopccdic  mind  of 
modem  times,  equally  celebrated 
as  botanist,  physiologist,  and  poet- 
He  has  been  termed  the  father  of 
physiology.  Brought  up  under  the 
celetnated  Boerbaave,  he  accepted 
a  ohiur  at  the  newl;  founded  Uni- 
versity of  Oottingen  in  173S,  and 
taught  there  for  seventeen  years 
anatomy,  botany,  medicine,  and 
sundry. 
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academiciim,  Werner  the  head  of  a  great  mining  school, 
Humboldt  a  traveller,  Markgraf  a  private  gentleman. 
Haller,  indeed,  shone  as  a  great  light  in  the  University 
of  Gottingen,  where  he  did  more  than  any  other  to  place 
scientific  studies  on  a  level  with  classic^  onee,  and  to 
create  for  them  a  permanent  abode  within  the  pale  of 
"alma  mater."  He  founded  in  1751,  in  close  connection 
with  the  university,  the  Oottivgen  Society,  which  from 
1753  published  the  celebrated  '  Gottinger  Grelehrte  An- 
ze^en."  Tobias  Mayer  and  Lambert'  can  hardly  be 
said  to  have  got  much  help  either  from  the  university, 
to  which  the  former  belonged,  or  from  the  Academy,  of 
which  the  latter  was  a  member ;  their  celebrity  rests  on 
works  produced  by  private  and  unaided  effort.  Hum- 
boldt also  depended  upon  his  personal  means  and  upon 
his  connection  with  the  Paris  Academy,  and  only  attained 
late  in  life,  and  in  the  course  of  the  present  centuiy,  his 
eminent  position  as  the  head  and  patron  of  German 
science.  Von  Zach  and  Olbers,  who  together  with  Tobias 
Mayer  and  Lambert  raised  German  astronomy  during  the 
eighteenth  century  to  the  level  of  English  and  French 
science,  stood  outeide  the  university  system.  Von  Zach 
was  indebted  to  personal  connections,  and  ultimately 
to  Duke  Ernest  II.  of  Gotha,  for  the  position  which 

>  Tha   'Gottinger  Oelehrt«  An-  to  the  orbita  of  oomets,  employed 

z^sen'  tud  existed  einoe  1739.  by  Olbers  in  hu  method  for  calcu- 

■  Joh.  He'inrich  Lambert  (1728-  lating    them    {Weimar,    17S7,    re- 

77},  a  veij  eitraordinary  mui,  wm  published  by  Encke,  1S47),  and  hie 

a  native  of    Uiihthaueen,   A^uce,  prophetic  predictioD  of  the  proper 

whi(^   then  belonged  to  Switcer-  motion  of  the  lun  (in  his  Conuolo- 

laiid.     He  was  received  as  a  mem-  gicol  Lettera,  17fll).     This  motion 

ber   of  the   Berlin   Academy,   and  was  actually  calculated  by  Sir  Wil- 

associated   there   with   Euler   and  liam  Herechelinhis  paper  "On  the 

Lagrange.    He  ie  celebrated  through  proper  Motion  of  the  Sun  and  Solu- 

hin '  Photometry '  (1780)  and '  Pyro-  System  "  ('  Phiioe.  Trana.,'  178S). 
meiry' (177B},lus  equation  refeniDg 
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he  held  as  a  kind  of  corresponding  centre  of  European 
aatronomy,  and  as  the  leader  of  a  large  school  of  Germas 
astronomera  of  this  centuiy.'  Olbers  was  a  practising 
physician  at  Bremen,*  where  he  followed  astionoinical 
studies  as  a  recreation,  making  himself  eminent  hj  great 
services  to  science,  among  them  by  his  method  of  calcu- 
lating the  orhit  of  a  comet :  as  the  greatest  of  his  services 
he  sounted  the  fact  of  having  discovered,  trained,  and 
appreciated  the  rising  genius  of  Bessel.' 

planets  through  the  duruption  of  % 
primitJTe  large  planet,  uid  b;  hia 
'  Abhandlung  iiW  die  leichUlte 
und  bequemate  Methode  die  Bahn 
einee  Cometen  sub  eiaigen  Beo- 
bacbttmgeo  eu  berechnen '  (1797). 
Id  this  work,  by  uang  lAmbert's 
equation,  be  suoceeded  in  perfecting 
the  methoda  of  Newton  and  his  buo- 
cesBora  so  as  actually  to  calculate 
the  elements  of  sereral  oometB. 
This  method  is  stilt  in  general  use 
(see  Woif,  loc.  al.,  p.  B19). 

'  Friedr.  Wilh.  Beasel  {178*.1846) 
attracted  the  attention  of  Olbers  by 
his  mathematJcol  abilities  whilst  em- 
ployed as  clerk  in  a  shipping  office 
at  Bremen.  If  Tobias  Mayer's 
lunar  Ublee  were  remunerated  and 
published  with  English  money, 
Qermany  repud  the  debt  by  the 
industry  of  Beaiel,  who  calculated 
and  reduced  the  obeerratioos  made 
by  Bradley  (1692-1762,  Astronomer 
Royal  from  1742)  at  Qreenwieh 
during  the  yeen  17G0  to  1781. 
They  bad  been  neglected  and  re- 
mained unpublished  till  1798,  when 
01ber»  induced  Beasel  to  make 
them  useful  to  science.  This  he 
did  by  calculating  from  them  some 
of  the  mott  important  and  funda- 
mental data  of  astronomy.     Aft«r 


>  Frani  Xaver  von  Zach  (1764- 
1832)  was  a  native  of  Peath.  After 
having  served  in  the  Austrian  artjl- 
lery,  and  taken  to  astronomy  as  a 
iarourite  study,  he  spent  some  time 
in  Paris  and  iJondoD,  and  became 
acquainted  with  Lalande,  laplaoe, 
Herschel,  Uaskelyne,  Ramsden,  and 
othen.  He  was  engaged  by  Duke 
Emset  IL  of  Ootha  in  1786  to 
erect  an  obeervatory  on  the  Sea- 
berg  near  Ootha.  This  was  com- 
pleted in  1791.  Here  he  trained  a 
utuober  of  younger  astroi 
and  was  the  flrat  to  establ: 
maintain  a  periodical  apecially  de- 
voted to  astronomy.  It  was  first 
(1798)  published  under  the  title 
'  Oeographische  Ephemeriden,'  then 
<ISOa-lS)  as  'Honatliohe  Corres- 
pondens  «ur  Beftirderung  der  Erd- 
und  Himmelakunde.'  LsJande  and 
Gauss  both  testified  to  the  uss- 
fnlnets  of  thi«  fntemational  pub- 
lication, without  which  Piuii's 
diaeoTery  (see  p.  182,  note  1)  would 
probably  have  been  loet^  See 
Wolf,  *0«sch.  d.  Astronomie,'  p. 
764. 

'  Heinr.  Wilh.  Mat.  Olbera  (1768- 
1840)  was  bom  near  Bremen.  He 
followed  astronomy  a«  a  private 
study.  He  is  munly  known  l^ 
his  rediscovery  of  the  Brat  of  the 
smaller  planets  (see  p.  182, 


^undamenta  Astronomies  pro 
A.  1756  deducts  ex  observation- 
ibus    viri    ineomparabilis    Jame* 
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The  general  impressioD  we  receive  from  a  perusal  of 
the  histories  of  science  and  learning  in  Germany  at  the 
ii-  cloee  of  the  e^hteenth  century  is,  that  the  univerBity 
syetem  had,  so  far  aa  philosophical  and  classical  studies 
were  concerned,  attained  almost  to  the  eminence  which 
it  has  held  during  this  century,  but  that  it  had  not — with 
the  exception  perhaps  of  Gottingen — received  into  ite  pale 
the  modern  spirit  of  exact  research,  such  as  it  had  been 
developed  by  the  great  French  Academicians.  Eminent 
students  of  science  lived  outside  of  the  universities,  belong- 
ing wholly  or  lai^ely  to  the  international  Republic  which 
had  its  centre  in  Paris,  exerting  little  influence  on  higher 
German  education  through  the  universities,  and  hardly 
any  on  German  literature,  which  had  meanwhile  ripened 
into  the  age  of  Classicism.  This  scattered  condition  of 
German  science  gave  it  on  the  one  side  a  character 
which  was  foreign  to  the  general  tendencies  of  German 
thought,  since  this  had  come  under  the  excessive  in- 
fluence  of  the  speculative  spirit  without  that  whole- 
some check  which  exact  research  has  always  exerted.^ 

the  calculator,  the  oburrer,  th» 
eiperimenMr,  uid  the  dinector  by 
genera]  tbeories,  >uch  u,  applied 
to  lit«r»ry,  hUtorical,  and  poetic«l 
subjects,  had  Hcquiied  a  certaiD 
importance,  uid  a  aemblaiiM  of 
veracity  and  uaefulnew.  Id  Francs 
the  whole  apirit  of  the  Academy  of 
ScieocM  oppoied  thU  form  of  Icam- 
iag.  Cuvier  denounced  it  or  re- 
garded it  with  HtupicioQ,  in  Eng- 
land it  remained  unknowD,  and  in 
Qennany  itself  individual  great 
minda  opposed  it,  or  did  their 
work  outiide  of  iu  influence. 
Such  were  notably  A.  von  Hum- 
boldt imd  Oauaa.  Younger  men, 
■uch  as  Liebig  and  Job.    Muller, 


Bradley  in  specula 
OrenoTiienai  per  A.  1760.62  insti- 
tutis'  (1S18).  By  bia  determina- 
tion (1838-40)  of  the  parallax  of  the 
star  61  Cygni  he  made  the  Brat  ac- 
ourate  calculation  of  the  diatonce  of 
a  fixed  star,  which  he  computed  at 
12  billion  aatronomical  milea. 

'  tt  was  the  age  of  the  Natur- 
phUoiopkii,  which,  through  the  in- 
fluence of  Sohelling  in  the  aouth 
and  Hegel  in  the  noHh  of  Oer- 
many,  filled  the  chaira  in  the  uni- 
Teraitiee,  fcnd  penetrated  into  the 
learned  societiea.  Thia  philoao- 
phy  of  nature  had  the  effect  of 
frequently  replacing  induction  by 
•peculation,    the   patient  work  <^ 
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Od  the  other  eide,  we  find  in  the  wide  domain  of  gen* 
eral  literature  valuable  b^innings  and  foreshadowiugs 
of  later  scientific  thought,  as  in  Georg  Forster  ^  and  in 


nme  Mmponril;  under  ita  influ- 
•ace.  Ai  regKnJs  it*  hirmful 
«flMt  OD  the  Datura]  aDd  medical 
•cieDcn,  the  popular  addressa  of 
Belmholta  and  Du  Bou-Reymond 
tDMj  be  coDBulted.  Ite  philoeo- 
phical  value  will  frequetiU;^  oc- 
cupy ue  in  Uter  chapters  of  thia 
work.  Ita  period  can  be  approzi- 
matel;  fixed  b;  the  publication  in 
1797  ol  Scbelling's  'Ideen  m  eincr 
Philoeophie  der  Natur.'  The  death 
of  H^^l  in  1S31,  and  Humboldt's 
BerlJD  lectures  during  the  yean 
1827  and  1828,  may  be  coaaidered 
»■  tDorking  approximately  the  end 
of  the  generation  which  came 
under  the  one-sided  influence  of 
the  NaltirpkiloiophU.  W«  gball 
have  ample  oocaaion  lat«r  oD  to 
uotioe  how  man;  valuable  leadiog 
ideaa  ooDneoted  with  thii  phase 
of  tbonght  were  temporarily  aban- 
doned and  have  sioce  couie  promi- 
nently before  the  scientific  world. 
The  year  1830  marked  the  victory 
of  Cuvier's  ideas  over  those  of  hn 
great  contemporary  Ocoffro;  St- 
Hilaire  in  the  Fntnch  Academy, 
and  with  it  the  temporary  defeat 
of  the  valuable  suggeetions  con- 
tained in  tba  writings  of  I^imarak 
and  Goethe. 

'  Oeorg  Forater  (17&3-e4)  was  one 
of  those  unique  men  in  the  history 
of  literature  and  science  who  com- 
bine the  artistic  with  tbe  scientific 
■pint,  promoting  equally  the  inter- 
Mta  o{  poetry  and  of  exact  know- 
ledge by  a  loving  study  of  Nature, 
leading  to  new  views  of  art  as  well 
a>  to  deeper  conoeptiona  in  science. 
He  may  be  classed  with  While  of 
Selbome  and  other  naturalists  of 
England  among  the  small  number 
of  those  who  quietly  and  UD0*t«ait«- 
tiously  prepared  the  healthier  forms 


of  Naturalism  which  permeate  the 
poetical  and  scientific  thought  of  our 

MDtury,  calminating  in  th«  great 
names  of  Wordsworth  and  Ocetbe, 
of  Humboldt  and  Darwin,  of  Wal- 
lace and  Haeckel.  His  life  presented 
many  interesting  and  some  un- 
happy epiiodes;  it  introduce  us 
IdUi  the  polit^al  aspirations  of 
the  early  French  Revolution,  to 
which  he  aacrificed  himself.  It 
has  been  written  by  Molesohott,  the 
naturalist,  by  Heinrich  Kbnig,  tbe 
novelist  ('Q.  Foister  in  Haus  und 
Welt,'  Lsipdg,  1S68,  2  vols.],  by 
Elein  ('Qeorg  Forster  in  Uaini')- 
7r,  Scbtegel  (' Charakt«ristiken  und 
Kritiken,'  vol.  L),  Gervinua  (Intro- 
duction to  the  7th  vol.  of  'Oeorg 
Forster's  Werke'),  and  Hettner 
('  Literatur  des  IS""  Jahrhunderta,' 
vol.  iii.)  have  written  a^reciativ« 
easaya  on  him.  A.  von  Humboldt 
caJls  him  his  maat«r  ('Kcamos,' 
vol.  i.  p.  345),  and  Ho^r  (Pt«- 
face  to  Qeorg  Forater's  tranatation 
of  'Sakantala')  prophesiee  bU  last- 
ing fame  agaisut  the  opinion  of 
hie  leas  appreciative  contempor- 
aries. He  has  a  place  in  tbe  class- 
ical literature  both  of  England  and 
Oermany  through  hia  beautiful  de- 
scription of  Captain  Cook's  second 
voyage  round  the  world  —  bis 
father,  Joh.  Reinhold  Fonter,  hav- 
ing been  aelaoted  es  the  naturalist 
on  that  voyage  (London,  1777,  2 
vols.  4to},  Qerman  editjon,  1779. 
Richard  Gamett  has  said  of  him  : 
' '  His  account  of  Cook's  voyage  is 
almost  the  first  example  of  the 
glowing  yet  faithful  description  <^ 
natural  phenomena  which  has  since 
made  a  knowledge  of  them  th« 
common  property  of  the  educated 
world.  ...  As  an  author  he  stands 
very  high ;   he  is  almost  tbe  first 
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Goethe ;  *  but  they  cotUd  hardly  be  eucouraged  and  de- 
velc^ied  Bufficiently  without  that  strict  trainii^  which  is 
acquired  through  the  routine  ot  the  class-room,  or  under 
the  eye  of  a  recognised  authority. 
14.  The  want  of  academic  union  and  organisation,  and  the 

Bdentiflc  ° 

periodical*,  scattered  situation  of  the  loany  small  centres  of  learning 
and  culture  in  Germany,  led,  however,  to  the  early  de- 
velopment of  those  scientific  periodicals  which  form  such 
a  characteristic  feature  in  German  literature.  They  were 
the  medium  for  the  exchange  of  ideas,  and  the  coUectii^- 
grouod  for  researches,  in  an  age  when  exact  science  was 
not  systematically  taught  at  the  Universities,  and  when 
auch  researches  otherwise  would  have  nm  the  risk  of 
being  lost  in  obscurity  or  oblivion. 

At   the   end   of   the    eighteenth    century    Germany, 


Mid  klmoat  tb«  beat  of  thit  valu- 
able clau  of  writers  who  have  nude 
Bdenoe  uid  tul  funitiu'  by  repr«- 
HDting  them  in  their  eiaeiitial 
spirit,  unencumberad  with  techni- 
cal details  "  ( '  Ency.  Brit. ,'  toL  il. 
p.  419).  Fonter  lived  in  the  period 
of  tnuititioD  from  the  thought  of 
the  eighteenth  century  to  that  of 
the  nineteenth,  and  a  study  of  his 
Life,  Works,  aod  Correspondence  ii 
a  very  good  introduction  to  necu'ly 
all  the  great  problems  which  then, 
eapeciaJly  on  the  Continent,  trou- 
bled the  minds  of  the  greatest  men. 
If  he  may  be  accused  of  want  of 
patriotism,  ha  is  certainly  to  be 
admired  for  his  freedom  from  na- 
tional narrow -mindedneH. 

*  It  has  taken  nearly  a  centuiy 
before  the  real  value  of  Goethe  a 
ecientiifio  ideas  has  been  correctly 
gauged.  His  non  ■  aoademio  sur- 
roundings, hit  unscientific  atjle,  his 
antagonism  to  Newton,  hii  mission 
as  a  poet— luppoeed  in  those  days 
to  be  less  realistic  than  we  have 


since  become  accustomed  t 
sider  it — all  theee  i 
oontributed  to  the  result  that 
Goethe's  adentific  writings  wera 
not  taken  au  ttrieua  by  the  natural- 
ists of  his  age.  Then  came  a  period 
when  men  of  science  bt^an  to  sift 
the  wheat  from  the  chaff  ;  but  even 
they  have  ooly  tardily  recogniaed 
that,  more  than  in  special  dis- 
coveries or  suggestions,  his  great- 
ness lies  in  that  general  oonception 
of  Nature  which  was  so  foreign  to 
bis  age,  and  which  nevertheless  is 
becoming  more  and  more  familiar 
and  neoeesary  to  ours.  See  espe- 
ciall;  Helmholti's  valuable  eesays 
on  Qcethe  as  naturalist  from  the 
years  186S  and  1392  ('Vortrage,' 
vol.  i,,  and  address  delivered  at  the 
meeting  of  the  Ooethe  Society  at 
Weimar,  1892),  and  the  remark- 
able progress  ot  his  own  views  on 
this  subject  oontained  therein.  We 
shall  have  ample  opportunity  of  re- 
verting to  this  subject. 
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thoi^b  not  by  ite  universities,  was  already  an  import- 
ant power  in  the  Bepublic  of  exact  science  whicb 
then  bad  its  centre  in  Paris.  Just  at  Uie  beginnii^ 
of  the  nineteenth  century  two  events  happened  which 
foreboded  for  the  highest  branches  of  the  mathematical 
sciences  a  revival  of  the  glory  which  in  this  depart- 
ment Kepler  and  Leibniz  had  already  given  to  their 
country,  Tbese  two  events  u-e  both  coupled  with  the 
name  of  Carl  Friedrich  Gauss.  Tbey  added  greatly 
to  the  reputation  of  the  University  of  Gottingeu,  with 
whicb  this  remarkable  man  was  connected  for.  half  a, 
century.'  The  first  was  the  publication  of  the  '  Dis- 
quisitiones  Arithmeticse '  in  Latin  in  1801 — a  work  by 
whicb  Gauss  placed  himself  on  a  level  with  the  great 
mathematicians,  Euler,  Lagrange,  and  L^ndre.'     The 

'  Cul  Friedrich  QauM  (1777- 
1S5S),  a  DStive  of  Brunawick,  calhd 
In'  Laplace  the  first  mathematiciaD 
of  Eurape,  ma;  be  coiuideied  at 
the  Gnt  and  (oremoat  repmenta- 
tire  of  the  modem  mathematical 
•chool,  of  wbkh  w«  shall  have  to 
treat  later  on.  Dnliks  moet  of 
the  gn»t  mathematidaiia  uf  the 
Contment,  hs  wae  self-taught,  and 
followed  in  his  earliest  works  quite 
independent  tines  of  thought;  re- 
■embliDg  in  this  the  great  iioUted 
thinkers  of  Britain  whoae  ideas  take 
a  generation  or  more  to  penetrate 
into  the  teib-booka  of  the  school. 
QauM  had  the  highest  opinion  of 
the  dignity  of  pure  seience,  and  it 
almoat  appears  as  if,  among  the 
modems,  only  Ifewton  had  oome 
up  to  hie  ideal  For  him  alone 
he  reservee  the  adjective  "  BUm- 
mua,"  and  he  adopts  his  synthetic 
and  classical  methods  of  expoeitior 
removing,  as  haa  been  said,  tl 
•caffbldingi  by  the  ud  of  which  he 
had  erect«d  his  monumental  worki. 


Oausa  truned  few  matbematidani ; 
but  amoog  the  few  who  penetr*t«d 
the  secret  of  his  ideas  are  such 
original  thinkers  aa  the  Hungarian 
Bolyai  (1775-ISG6),  the  g«ometen 
Hiibius  (17aO-lS6e)  and  Von  Staudt 
(1768-1807),  who  all  mark  quit« 
independent  linw  of  research.  On 
Oausa  see  Sartorius,  '  Oauaa  lum 
Oedachtnisa,'  Leipzig,  1856 ;  H&a- 
selmann,  'K.  F.  Oauaa,'  Leipiig, 
1S7S;  E.  Schering,  'C.  F.  Gauss,' 
Gottmgen,  18S7. 

'  It  appears  that  Gauss,  to  whom 
the  arithmetical  discoTeriee  of  Fer- 
mat  and  the  proofs  of  Euler,  La- 
grange, and  Legend  re  remained  for 
a  long  time  unknown  (see  his  Works, 
edited  by  Schering,  voL  L  p.  S ; 
vol.  ii.  p.  444),  had  independently, 
in  his  eighteenth  year,  aa  a  student 
at  Oottingen,  already  arrived  at  a 
great  number  of  propositions  refer- 
ring to  the  properties  of  numbere, 
and  had  then  also  found  methods 
of  geometrically  constructing  the 
regular  polygon  of  aevanteen  aides. 
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second  was  Uie  inventioD  of  a  new  and  shorter  method 
of  calculating  the  orbit  of  a  planet  from  a  limited  number 
of  contiguous  observations.^     This  method  was  communi- 


The  IsttBT  was  the  first  addition 
made  Bft«r  2000  ;ean  b>  the 
knowledge  ot  this  matter  poeaew- 
ed  by  the  ancieDta.  (Sm  '  Diaquia. 
Arithm.,'  Bee.  S6&  :  "  Magnopere 
sane  eat  minndum,  quod,  quum 
jam  Euclidu  temporibiu  circuU 
divinbilitu  geometrica  in  tree  et 
quiaque  part«B  Data  fuerit,  nihil 
hii  inventia  intemllu  2000  anno- 
rum  adjectum  ait,"  kc.  ;  aod  hia 
aaDUBcript  note  to  this  pasaage, 
given  by  Scbering,  toI,  i.  p.  176  : 
' '  Circulum  in  1 7  parlea  divuitrilem 
ease  geametrice,  deteiimue  17SS, 
Mart.  30.")  It  ia  probably  owing 
to  the  indepaodeat  manner  in  which 
QaUBS  approached  the  subject  that 
he  early  found  the  necessity  of 
treating  subjects  of  higher  arith- 
metic [i.t.,  of  the  theory  of  num- 
bers or  "  discrete  magnltudea"  m 
distinguished  from  algebra,  which 
in  the  theory  of  "cooUnuous  mag- 
nltudea") by  an  independent  me- 
thod, for  which  he  invented  a 
language  and  an  algorithm.  He 
thus  raised  this  part  of  mathe- 
matics into  an  independent  science, 
on  which  the  '  DisquiaitJonea  Arith- 
meticie '  ia  the  Snt  elaborate  and 
sfstematio  tre*ttse.  Legendre's 
'TWt£  dee  nomhres'  (1799)  is  a 
complete  thesaorua  of  all  that  was 
at  that  time  known  and  of  what 
was  added  by  him,  but  it  does  not 
attempt  to  establish  the  acienee  on 
a  new  buia. 

>  On  the  lat  January  1801 
Piazd  at  Palermo  had  found  a 
movable  ator  of  Sth  magnitude, 
BA.  67°  iT,  HD.  18*  8',  which  he 
announced  to  Bode  at  Berlin  as  a 
comet  Ml  the  21th  January  ;  but 
a  few  days  lBt«r  be  concluded  it 
must  be  a  planet,  and  named  it 
"  Cwoa  Fer^andeo."    No  coe  be- 


aidea  Piazu  could  find  the  star,  but 
several  Bitronomei«,  Piazzi  himself, 
Olbera  at  Bremen,  and  Burckhardt 
at  Paris,  tried  to  i^culate  the  orbit 
from  the  observations  of  the  dis- 
coverer, which  were  contained 
within  only  8  degree*.  The  at- 
tempt to  do  so  under  the  sup- 
position  of  either  a  circular  or  a 
parabolic  or  an  elliptic  orbit  foiled, 
and  Olbers  expressed  the  fear  that 
with  the  circular  or  elliptic  ele- 
ments which  hod  been  publiabed  in 
Zach'a  periodical,  it  might  prove 
imposaible  to  find  the  star  when 
it  should  again  become  visible. 
Very  near  the  expected  time,  as 
late  as  the  beginning  of  December, 
'Qauss  communicated  his  elements 
to  Von  Zoch,  who  published  them 
at  once,  recommending  astronomeni 
to  follow  Dr  Gauss's  figures  ood 
look  6'  to  7°  more  eastward  than 
the  positions  of  Burckhardt,  Piaui, 
and  Olbers  indicated.  And  actu- 
ally on  the  7th  December  1801 
Zach  himself,  and  on  the  let  Janu- 
ary 1802  Olbers,  succeeded  in  find- 
ing the  star,  "like  a  gr^n  of  aand 
on  the  sea-shore,"  very  near  tbe 
positions  calculated  by  Gauss. 
These  results,  followed  soon  by 
the  discovery  of  other  planets  l^ 
Olbers  and  Harding,  gave  a  great 
impetus  to  the  study  of  astronomy. 
Gauss's  methods  were  published 
in  trtemo  in  ths  now  celebrated 
'  Theoria  motua  corporum  cosles- 
tium'  in  ISOB.  Two  problems  are 
herein  treated  in  a  novel  and  com- 
plete manner.  Hie  first  was  to 
calculate  by  a  aimple  and  accurate 
method  from  the  necessary  number 
of  observations  the  orbit  of  a  planet 
or  comet  on  the  assumption  of  New- 
ton's law  of  gmvitation,  but  with- 
out any  other  special  conditions. 
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caled  to  Von  Zach  in  the  course  of  the  year  1801,  and 
enabled  him  and  Olbere  to  rediscover  the  first  of  the 
small  planets,  Ceres,  which  Fiazzi  had  observed  on  the 
Ist  of  January  1801  at  Palermo,  and  afterwards  lost  as 
it  approached  the  region  of  the  sun's  light. .  Through 
this  Gauss  placed  himself  on  a  level  with  the  great 
French  astronomers  I^place,  lalaode,  and  others.  The 
new  professor  of  mathematics  and  director  of  the  obser- 
vatory of  Gottingen  was  admitted  into  the  august  com- 
pany of  the  Paris  academicians,  who  then  mled,  and  since 
the  death  of  Euler  had  almost  monopolised,  the  mathe- 
matical studies  of  the  world.  Although  Gauss  thus 
introduced  the  higher  and  abstract  branches  of  exact 
science  into  the  pr<^amme  of  a  German  university, 
and  established  a  link  between  Paris  and  Germany 
in  mathematics,  as  Humboldt  had  done  shortly  before 
in  the  natural  sciences,  fully  a  quarter  of  a  century 
was  to  elapse  before  the  spirit  of  exact  research,  and 


German  universities.     It  then  at  length  entered  the  field  ^^^"^ 
as  a  third  and  equally  important  ^ent  by  the  side  of  the  ^^' 


Thii   WM   aobieved  t«   perfection, 

•  proof  of  the  usefulneu  of  the 
method  being  the  fact  that  Q&uu 
flucceeded  in  finishing  in  one  hour 

•  calcnlfttion  which  h&d  token  EuIbt 
three  d*;B,  uid  bad  resulted  in  hi* 
blindneai.  The  second  problem 
uiiea  from  the  fitct  that  the  num- 
ber  of  obeervationi  is  always  in 
excess  of  the  number  mathemati- 
callf  DecesMiy,  and  that,  omag  to 
the  unavoidable  inaccuracies,  dif- 
ferent seta  of  observationa  pve 
■light];  diShrent  orbits.  Hon  »r« 
tbaaa  to  be  used  so  as  to  give  the 


moat  correct  average  result  t  This 
involvae  a  question  in  probabilitiee. 
Ah  earl;  as  17SCi  Qauu  was  in  pos- 
session of  the  so-called  method  of 
least  squares,  which  occurred  to  him 
so  naturatl;  that  he  suspected  that 
Tobias  Hayer  must  have  already 
known  about  it.  It  also  occurred 
independently  to  Legendre,  who 
was  the  flnt  to  publish  it,  in  ISOS, 
in  his  '  ITouvelles  mdthodea  pour  1ft 
determination  dee  orbitee  des  oo. 
mdtea.*  See  3artoriu«,  'Qauw  cum 

~  • ,'p.*i»m- 
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philosophical  and  classical  spirit.  During  these  twenty- 
five  years  Gauss  lived  and  soared  in  solitaiy  he^ht — a 
name  only  to  the  Qenoan  student,  as  Euler  had  been 
before  him.  Probably  he  was  better  known  to  the 
yoimger  astronomers  whom  he  trained,  and  the  elder  ones 
with  whom  he  corresponded.  But  astronomy  was  not 
then  within  the  pale  of  the  universities.  To  what  extent 
the  character  of  Gauss's  own  genius  was  the  cause  of  this 
it  is  difficult  to  say.*  He  himself  had  not  come  under 
the  influence  of  any  great  teachers  such  as  Paris  then 
possessed;  he  was  self-taught,  and  had  early  imbibed 
a  great  admiration  for  the  methods  of  Euclid,  Archimedes, 
and  Newton ;  he  wrote  in  the  classical  style  fitted  for  all 
times,  but  not  for  uninitiated  banners.*     It  is  certain, 

Th«te  iver«  oounled  on  a  itraigbt 
line  backward,  m  positive  (or  or- 
diniry)  numbera  were  counted  tor- 
vitxi.  Oausa  conoetved  the  idea  of 
counting  numbera  teterally  from  tlie 
(traight  line  which  represaDted  the 
ordinary — poaitJTe  and  Degative — 
numben.  He  called  numbers  which 
were  thus  located  in  the  plane 
"complex  numben,"  u  they  bad  to 
be  counted  h;  the  use  of  two  uniU, 
the  ordinary  unit  1  and  a  new  unit 
L  He  also  ahowed  that  this  new 
unit  i  Btood  in  such  relations  to  Uie 
ordinaiy  unit  I  as  ware  algebraiolly 
defined  by  the  mysterious  imagin- 
ary symbol  V^.  The  complete 
exposition  of  this  new  or  complex 
system  of  counting  was  not  ex- 
plained by  Qauas  tUl  the  year 
1881,  when  he  published  the 
'  Theoria  residuorum  biquadrati- 
corum.'  In  the  mecmtime  the 
geometrical  representation  ot  im- 
aginaiyquai  " 


'  Bjerknea,  in  hie  i 
memoir  on  Abel,  refers  frequently 
to  the  awe  in  which  Oauss  was  held 
1^  younger  matbematiciaiia. 

'  Id  this  GausB  rBsembled  New- 
ton. He  was  therefore,  like  Newton, 
frequently  forestalled  by  others, 
who  published  his  new  methods 
and  ideas  in  an  unGnished  and  frag- 
mentary form;  whereby  it  is  not 
suggest«d  that  these  simultaneous 
diacoveriea  or  inventions  were  not 
quite  independent.  Two  examples 
of  this  may  be  added  to  those  given 
above.  When  Oauss  published  tlie 
'Disquis.  Arith.'  in  1801,  he  left 
out  the  last  or  eighth  section,  which 
was  to  treat  of  the  residues  of  the 
higher  orders.  He  had  already 
ne&rly  completed  the  theory  ot 
biquadratio  residues.  In  detding 
with  this  subject  he  had  found  it 
neoessary  to  extend  the  conception 
of  number  beyond  the  limits  then 
in  use.  If  we  confine  ourselvea  to 
integera,  the  only  extension  which 
then  existed  of  the  notion  of  number 
was  in  the  use  of  negative  numbers. 


and  published  by  Argand  (1806), 
but  not  being  employed  fw  such 
important   reaaarohea,   it   had   re- 
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however,  that  the  spirit  of  exact  and  Bpecially  mathe- 
matical research  owed  its  right  of  domicile  within  the 
UQiverBitaes  to  othere  who  came  after  him,  and  to  cir- 
cumstances with  which  he  was  hardly  connected. 

The  man  to  whom  Genoany  owes  its  first  great  school       n. 
of  mathematicians  was  Jacobi.     He  was  seU-tausht  like  m»tiinj»a- 

L        *^  ^  eilKhooL 

Gauss ;  but  whilst  Gauss  followed  in  the  footBt«i>a  of 
Newton  and  the  ancients,  Jacobi  followed  in  those  of 
Euler,  Lagrange,  and  Laplace.  The  style  and  methods 
of  these  mathematicians,  being  more  suited  for  didactic 
purposes  than  the  claseical  style  of  Euclid,  Newton,  and 
Gauss,  was  probably  more  congenial  to  the  mind  of 
Jacobi,  who  from  his  twenty-first  year  (1825)  developed 
a  great  activity  as  an  academic  teacher.^     He  was  iirst 


muned  unknown  and  unnoticed. 
See  on  the  butor;  of  the  subject, 
Hsnksl,  'Theotie  der  complaxen 
Zahlenajiteiiie,'  18S7,  pp.  71,  82. 
Oauu,  through  hiding  his  reaeiuvhes 
on  thii  lubject  «o  long,  loat  the 
cUiiQ  to  the  prioritf  of  the  ihtbd- 
tiuD,  though  nob  of  the  effectual 
me  of  it.  In  uiotber  iaatance  he 
alloned  otiien  to  appropriate  the 
merit  of  cultivating  a  large  new 
Beld  whiob  had  been  familiar  to 
him  many  jean  before.  It  was 
known  all  through  the  firat  half  of 
the  oentuiy  that  Oauu  wm  iu  poa- 
Mnion  of  valuable  diacoveriee  in 
what  be  t«nned  tbe"newtranBi»ii. 
deut  functions."  Befarences  in  the 
'  Diaquisitioaea,'  g  SS5,  in  bis  corres- 

Siudence  with  Schumacher,  Beuel, 
Ibera,  and  Orelle,  had  made  his 
friends  curious  to  see  the  "  amplum 
opua"  wliich  he  bad  promised.  It 
appears,  however,  that,  independ- 
ently of  him,  jacobi  and  Abel 
(lSOS-29)  foUowing  the  inveatiga- 
tiona  of  Legendra  (whose  labours 
began  in  178S  and  culminated  in 


hia  great  work '  Traits  des  fonctioDS 
elliptiquee,  &c.,'  ISSG-SS,  2  vols, 
and  3  supplement!),  sucoeeded  io 
developing  the  theoiy  very  much 
on  the  name  lines  as  Qaut*  bad 
taken  nearly  a  generation  earlier. 
Bmineut  matbeoiaticians  who,  since 
the  publication  of  Oauas's  posthu- 
mous pspeis,  have  fully  mvesti- 
gated  the  subject,  assign  to  Jacobi 
and  Abel  the  tmdigputed  priority 
of  publishing,  but  to  Oauss  that  of 
diacfivering,  the  fundameotal  pro- 
perties ol  the  "  doubly  periodical " 
functions.  Full  details  will  be 
found  in  the  historical  introduction 
to  Enneper's  'Ellipljsche  Func- 
tionen,'  2nd  ed.,  Halle,  lf)90.  See 
also  Oaun's  Werke,  vol.  iii.  p.  191. 
4QS;  Dirichlet'sDiscouraeoD  Jacobi 
in  Jacobi's  Werke,  vol.  L  p.  11  ;  C, 
A.  Bjerknes,  'N.  H.  Abel,'  Paris, 
1885;  Koenigsberger,  'Zur  Qes- 
chichte  der  Theorie  der  elliptischen 
Transceodenten,'  Leipdg,  IS7B. 

'  Cart  Ouatav  Jacob  Jacobi  (born 
at  Potadam  1S04,  died  at  Berlin 
1861)  waa  the  first  great  mathe- 
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at  Berlin,  then  at  Konigaberg;  these  two  universities 
having  become  through  him  and  Bessel  the  German 
teaching  centres  of  the  higher  mathematics,  both  pure 
and  applied.  They  have  up  to  the  present  day  fully 
maintained  this  pre-eminent  position.  They  were  teach- 
ing centres  in  the  sepse  defined  above — not  only  as 
r^arde  mathematical  knowledge  and  method,  but  like- 
wise as  regards  mathematical  research.  For  this  pur- 
pose— as  in  the  philological  sciences — the  lectuie-room 
was  not  sufficient ;  there  was  also  wanted  a  repository 
for  the  independent  and  original  contributions  of  the 
school.  Like  the  !l^le  polytechnique  thirty  years  before 
in  Paris,  the  Berlin  school  of  mathematicians  started  with 
an  important  periodical.  This  was  known  as  Crelle's 
Journal.  Together  with  the  Memoirs  of  the  Fans  Aca- 
demy and  the  Journal  de  I'Ecole  polytechnique,  it  forms 
the  principal  repository  for  the  higher  m&thematical  work 
of  the  first  half  of  the  century.'     It  was  also  through 

thsy  could  hope 


moticftl  twreher  of  Germanj.  Of 
h[m  Lejeuae  Dirichlet  says:  "It 
waa  not  hi*  buainess  to  communicaM 
wbat  waa  BDished  aad  nhat  bad 
been  commumcated  before ;  hie 
lecCiirea  all  treated  of  aubjecta 
which  la;  outside  of  the  Geld  of 
the  text-books,  and  covered  only 
thoae  parts  of  acieoce  in  which  he 
had  himself  beeo  creative.  With 
him  this  meui  t  that  they  exhibited 
the  greatest  variety.  His  lectures 
nere  not  remarkable  (or  that  kind 
of  clearness  which  is  character- 
istic of  JDteilectual  poverty,  hut  for 
a  clearness  of  a  higher  kind.  He 
tried  primarily  to  show  the  leading 
ideea  which  underlay  any  theory, 
and  whilst  he  removed  everything 
that  had  an  artificial  appearance, 
tha  solution  of  problems  preaent^d 
itoeU  so  easily  to  hii  heuvra  that 


do  Bomething 
Bimiiar.  .  .  .  ine  auoceaa  of  thia 
unusual  method  wan  truly  remark- 
able. If  in  Qermany  the  knowledge 
of  the  methods  of  analyaia  is  now 
spread  to  a  degree  unknown  to 
former  timea,  if  numeroua  mathe- 
matldiuu  extend  the  science  io 
every  direction,  thia  gratifying  re- 
sult ia  principally  owing  to  Jacob!. 
Nearly  all  have  been  his  pupils," 
kc.  (Dirichlet'a  Diaoourae  in  the 
Academy  of  Berlin,  1SG2,  Jacohi'e 
Werke,  vol.  L  p.  21.) 

*  The  two  mathematicians  on 
whom  A.  L.  Crelle  (1780-1SS&)  ns- 
lied  mainly  for  contributions  when 
h«  started  the  'Journal  fiir  die 
reineuod  augewandtc  Hathematik' 
in  1826  were  Abel  and  Stnner. 
For  origiutlity  of  thought  they 
■taad  quite  alone.    Both  extended 
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Jacobi,  and  stall  more  through  hia  contemporajy  Lejeune 
Dirichlet  (bom  1804  at  Diiren,  of  French  extraction, 
and  trained  in  Paris  under  I^place,  L^endre,  Fourier, 


the  field  of  research  irhich  they 
culbivated  by  fuadftoienMlly  new 
idea«  ot  such  breadth  that  fully 
half  a  century  waa  required  be- 
fore they  were  thoroughly  appreci- 
ated by  mathematiclaiu.  Abel 
(d  Norwegian  by  birth)  died  in 
1629  when  only  twenty  -  seven 
year*  old,  hating  during  the  tour 
yMn  which  embrace  hia  published 
memoirs  eiteudcd  the  limits  of 
algebra  and  laid  the  foundations 
for  a  more  comprehensive  treat- 
ment of  the  higher  or  transcendeut 
(unctions,  or  forms  of  mathematical 
dependence.  Mathematicians  be- 
fore him  had  tried  to  solve  algebra- 
ioU;  equations  beyond  the  fourth 
degree,  but  had  (uled.  Abel  proved 
that  the  problem  as  then  conceived 
could  not  be  generally  solved.     Le- 

Smdra  had  through  his  unaided 
hours,  extending  over  thirty 
yean,  established  the  theory  of 
elUptio  iutegraU  as  far  as  was 
possible  on  the  lines  then  adopted. 
Abel — and  simultaneously  Jacobi — 
treated  the  subject  (rom  an  entirely 
novel  point  of  view,  and  by  doing 
■o  opened  out  quite  a  new  Seld  of 
research,  the  extent  and  importaoce 
of  which  Abel  fully  recognised  when 
he  presented  to  the  French  Acad- 
emy bis  memoir  ot  lS2i,  in  which 
tie  dealt  with  functions  of  which 
those  studied  hj  Legendre  and 
Jacobi  were  ouly  special  eases. 
This  memoir,  containing  Abel's 
celebrated  theorem,  which  he  bad 
already  discovered  in  1S25,  and 
which  was  published  in  a  brijef  ar- 
ticle in  Crelle's  Journal  in  1S29,  re- 
mained unnoticed,  being,  as  L^en- 
dre  •ipUined  to  Jacobi,  almost  un- 
rsadable.  SeeEnneper, 'Elliptische 
Functionen,'  2nd  ed.,  p.  192;  Jaco- 
U'l  Werka,  voL  !.  p.  489,  &o.   Abel  I 


has  been  called  the  great««t  mathe- 
matical genius  that  has  yet  existed 
(Ollmnare  in  '  La  grande  Encyclo- 
p^die,"  art,  "Abel");  his  fellow- 
worker,  Jacob  Steiner  (1796-1863, 
a  Swiss  by  birth),  has  been  termed 
the  greatest  geometrician  of  modem 
times.  The  progress  of  analysis 
had  thrown  into  the  background 
purely  geometrical  researches,  al- 
though a  revival  of  these  had  com- 
menced in  France  with  Monge  and 
his  followers,  and  hod  beeu  further 
promoted  by  Foncelet,  as  well 
as  simultaneously  by  Mobius  and 
Pliicker  in  Gtenoany.  The  labours 
of  the  two  latter  remained  for  a 
long  time  unknown  and  unrecog- 
nised. Steiner,  who  was  self- 
taught,  who  disliked  the  calculus, 
and  considered  it  a  disgrace  that 
geometry  could  not  solve  her  prob- 
lems by  purely  geometrical  meUiods, 
undertook  t<f  find  the  common  root 
and  leading  principle  which  con- 
nected all  the  theorems  and  por- 
iems  bequeathed  to  us  by  ancient 
and  modem  geometry ;  he  brings 
order  into  the  chaos,  and  shows 
how  nature  with  a  few  elements 
and  the  greatest  economy  suoceeda 
in  giving  to  figures  in  space  their 
numberless  properties.  He  not 
only  completed  that  part  of  geome- 
try which  had  been  treated  by  the 
ancients — the  geometry  of  the  line, 
the  conic  sections  or  curves  of  the 
second  order,  and  the  surfaces  in 
space  correeponding  to  them — but 
he  also  attacked  problems  which 
before  him  had  been  solved  only  by 
the  calculus,  and  even  succeeded  in 
carrying  his  methods  beyond  the 
reach  of  the  calculus  of  varia- 
tions, specially  invented  to  deal 
with  geometrical  questions.  Like 
Foraat  in  the  theai7  of  unmbsrs, 
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FoiBson,  Gauchy),  that  the  great  work  of  Gauas  on  the 
theory  of  numbers,  which  for  twenty  years  had  remained 
sealed  with  seven  seals,  was  drawn  into  current  mathe- 
matical  literature,  and  became,  as  Newton's  '  Principia ' 
had  become  a  century  earUer,  an  inexhaustible  mine  of 
wealth  for  succeeding  generations. 
IS.  About  the  same  time  the  experimental  aide  of  exact 

MtaMuTw  resfi^rch — the  use  of  the  chemical  balance,  through  which 
tb^h  Lavoisier  and  his  followers  had  done  so  much  to  eetabUsh 
"■•^  chemistiy  on  a  firm  and  independent  basis — received  a 
great  impetus  by  the  establishment  of  the  first  chemical 
laboratories  within  the  pale  of  the  universities.^  In  this 
direction  the  greatest  influence  probably  belongs  to  the 
small  town  of  Crieasen,  where  Liebig  opened  his  cele- 
brated laboratory  in  the  year  1826.      It   became   the 


Steiaer  in  geomitir  left  to  hi*  fol- 
lowers &  Iftrge  number  of  theorems 
ftnd  problems  without  proofs  which 
he  had  solved  by  his  methods  ;  ftnd 
it  WKS  onlf  in  quite  recent  t^mes 
that  the  Italian  Cremona  succeed. 
«d  in  definitely  clearing  up  the 
nbole  of  thU  original  and  valuable 
bequest.  See  Hankel,  'Die  Ele- 
ments der  projeotivischeii  Oeome- 
trie,  chapter  i.  ;  Jacob  Steinsr, 
Werke,  vol.  ii.  p.  406. 

'  On  Liebig'a  laboratory  see  Hof. 
mann's  Faraday  Lecture,  p.  9. 
Chemical  laboratories  existed  for 
teaching  purpoaee  before  Liebig's 
at  Oieesen.  £opp('  GFeschichte  der 
Chemie,'  vol.  ii.  p.  19)  mentions  one 
at  Altorf,  which  was  founded,  1S83, 
by  the  council  of  the  city  of  Hurn- 
berg  for  academic  teaching  pur- 
poses. For  the  training  of  the 
modem  school  of  chemists  no  coon 
did  more  than  Berselius,  in  whose 
laboratory  there  were  trained  Chr. 
OmeUn,  Hilecberlkb,  B.  and  Q, 


Rose,  Wohler,  Hag;nus,  Arfvedson, 

Nordenskield,  Mosander,  and  otberi. 
Sir  William  Thomson  (Lord  Kelvin) 
in  'Nature,'  vol.  xui.  p.  409,  men- 
tions the  beginnings  of  Iaboratot7- 
teaching  at  Olaagow  by  Prof. 
Tbomaa  Thomson  in  1S23.  But 
what  was  probably  peculiar  to 
Liebig's  laboratory  was  the  syste- 
matic and  methodical  truning,  on 
a  specially  devised  plan,  in  quali- 
tative, quantitative,  and  organic 
analysis,  by  which  young  persons 
ware  introduced  to  a  thorough 
knowledge  of  chemical  properties 
and  manipulations.  The  guidee, 
teit-books,  and  tables  for  onalvtic 
work  of  Will,  FrweniUB,  and  others 
were  elaborated  to  meet  the 
requirements  of  such  methodical 
teaching.  Almost  simultaneously 
with  Liebig  at  Oiessen,  Purkinje  at 
Breslau  laid  the  foundation  for  the 
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truning-scbool  for  the  greater  part  of  the  emineDt 
chenusts  outside  of  PariB,  and  the  model  tor  aimil&r 
eatabliahments,  and  extended  its  influence  over  the 
world — into  England,  Scotland,  and  America.  It  also 
did  more  than  any  other  institution  of  that  kind  tor  the 
development  of  ready  and  accurate  methods  of  analysia, 
such  as  are  now  used  in  the  remotest  r^ons.  But  it 
was  significant  for  German  chemistry,  and  tor  the  cos- 
mopohtan  character  of  German  science  generally,  that  ^°^^^ 
this  brilliant  development  of  experimental  research  was  """•«'•"«*■ 
stimulated  from  two  independent  centres ;  that  German 
chemists  as  little  as  German  mathematicians  attached 
themselves  in  a  one-sided  manner  to  the  Paris  school. 
In  mathematical  science  the  classical  style  of  Gauss, 
transmitted  from  the  ancients  through  Newton,  com- 
bined with  the  analytical  or  modem  French  style  of 
Jacobi  and  Dirichlet  to  give  to  German  research  its 
character  of  universality.  In  a  similar  manner,  when 
chemistry  f^in  found  a  domicile  in  Germany  and  be- 
came an  integral  portion  of  the  university  programme, 
it  had  been  trained  in  two  different  schools.  For  there 
lived  at  that  time  in  Sweden  the  eminent  authority  £er- 
2elius,^  who  divides  with  Gay-Lussac  the  glory  of  being 


'  J.  Jkcob  Beneliui  (»  Swede, 
1779-1S48],  one  of  the  moat  emincDt 
Mid  iDductrioui  o(  chemuta,  hkd  a 
great  inSuence  on  tb«  development 
of  modem  chemUtiy  b;  the  num- 
ber a>  well  u  by  tbe  accurac;  of  bu 
etperimealal  detamunatioDB,  by  bit 
faiTentioD  of  methoda  and  apparatiu 
for  analyaii,  and  by  hii  eit«nnve 
proof!  1^  Mvenl  of  the  most  im- 
portant theoriea.  The  latter  di- 
rected the  UbouraaDd  governed  the 
opinioiia  of  many— eapedally  Oer- 


man — inveitigatora.  It  waa  through 
him  maonly  that  Richtw'i  chemi. 
cal  equiralenta  and  Dalton'a  atomie 


irguiic  and  minenlogical  chem- 
istry. Ha  also  elabontcd,  in  dooe 
oonnection  with  Davy'a  electrical 
diacoveriet,  hia  celebrated  electro- 
cbemicat  theory,  which  up  to  the 
year  1840  waa  veiy  generally  ac- 
cepted ^  cbeniat* ;  andbcMMatMd 
through   hia   repeated   ezpoaiUana 
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the  master  of  the  great  Genuan  chemiets  of  the  middle 
of  the  century.  Mitecherlich  at  Berlin  and  Wohler  at 
Gottingen  helonged  to  the  Bchoo)  of  the  former,  whereas 
liebig  had  the  good  fortune  to  be  introduced  through 
Humboldt  into  Gay-Lussac's  laboratory  at  Paris  as  the 
first  pupiL* 


in  braking  donn  the 
older  oiygen  theory  of  acidi  in  fa- 
vour o(  Divj'a  more  geoel*!  viow«, 
based  upoD  hi>  reoogoiUon  of  chlo- 
rins  and  iodioe  u  eleuientary  budlea. 
Hie  handbook  ot  Cbainistry,  u  well 
u  hifl  'JabreabcHcht'  (from  1S20), 
probkbl;  did  more  than  any  other 
publication!  for  the  diOiiiloD  of  ao- 
curate  chemical  informatioD. 

'  Liebig  hu  himself,  in  an  auto- 
biographical memoir  publiahed  post- 
humoua];,  so  fully  deacribed  the 
merits  ot  the  tno  achoola,  and  at 
the  «ame  time  given  such  a  vivid 
picture  of  the  truly  scientific  ipirit 
which  animated  Qerman  universi- 
tiea  at  that  time,  that  I  am  tempt- 
ed to  give  here  some  eiti-acte.  Of 
his  »tudiB»  in  Paris  he  says:  "What 
influenced  me  moet  in  the  French 
lecturee  noH  their  inner  truthfulness 
and  the  careful  omisBioD  of  all  mere 
semblance  of  explanations :  it  was 
a  complete  contrast  to  the  German 
lectures,  in  which,  through  a  pre- 
ponderance of  the  deductive  pro- 
oesa,  the  scientific  doctrine  hod  quite 
lost  ita  rigid  cohereace.  ...  I  re- 
turned to  Oermany  (1824),  where, 
through  the  school  of  Beraelius, 
...  a  great  reform  had  already 
begun  in  inorganic  chemistry.  .  ,  , 
I  always  remember  with  pleasure 
the  twenty -eight  years  which  I 
passed  at  Oiessen  :  it  was,  as  it  were, 
a  higher  pmvidenoe  which  led  me 
to  the  small  university.  At  a  large 
university,  or  in  a  laiijer  town,  my 
powers  would  have  been  broken  up 
and  frittered  away,  and  the  attain- 
ment of  the  aim  which  I  had  ia 


view  would  have  been  much  more 
difficult,  if  not  impossible ;  but  at 
Qiessen  all  were  concentrated  in 
the  work,  and  this  was  a  passion- 
ate enjoyment."  "The  nocessity  of 
an  institute  where  the  pupil  could 
instruct  himself  in  the  chemical  ait, 
by  which  I  undersiMid  familiarity 
with  chemical  operations  of  aoalysis 
and  adroitnesa  m  the  use  of  appar- 
atus, was  then  in  the  air,  and  so  it 
came  about  that  on  the  opening  of 
my  laboratory  .  .  .  pupils  came 
to  me  from  all  sides.  .  .  .  The 
greatest  difficulty  preaented  itself, 
as  the  numbers  increased,  in  the 
practical  teaching  itself.  In  order 
to  teach  many  at  once,  an  ordered 
plan  was  required  and  a  pogres- 
sire  way  of  working,  which  had 
to  be  thought  out  and  tried.  .  .  . 
A  very  short  time  hod  sufficed  far 
the  celebrated  pupils  of  the  Swedish 
master  to  give  tu  mineral  analysis 
.  .  .  an  admirable  degree  of  per- 
fection. .  .  .  Physical  chemistry 
.  .  .  had  through  the  discoveries 
of  Oay-Lussac  and  Humboldt,  .  .  . 
and  of  Mitscherlich,  .  .  .  gained  a 
solid  foundation,  and  in  the  chemi- 
cal proportions  the  edifice  appeared 
to  have  received  its  coping-itone. 
...  No  organic  chemistry  .  .  .  then 
existed ;  Thdnard  and  Qay  ■  Lua- 
sac,  Beraelius,  Frout,  Dober^er, 
bad  indeed  laid  the  foundation  of 
organic  analysis;  but  even  the 
greet  investigations  of  Chevreul  on 
the  fatty  bodies  received  for  many 
years  only  scant  attention.  Inor- 
ganic chemistry  still  absorbed  too 
many,  and  indeed  the  best,  forces. 
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Twen^  years  after  Qaasa's  great  mathematical  achieve- 
meota,  two  new  disooveriea  announced  to  the  scientific 
world  that  Qermany  bad  again  taken  a  foremoet  position 
in  chemistry.  These  were  Mitscherlich'a  discovery  of 
isomorphiBm  in  1819/  and  Wohler's  preparation  of  an 
oiganic  compound  from  inoi^anic  materials  in  1828.' 

In  1830  Liebig  succeeded  in  finally  establiahii^  that  m. 
simple  and  accurate  method  of  oi^anio  analysis  known  ^!Ju°V 
by  his  name.     Organic  cbemistiy,  in  ite  modem  sense. 


The  direction  1  h*d  reoeiTcd  in 
Paris  wu  >  different  one.  ...  I 
Mw  very  loon  tlutt  >U  pro«;ren  in 
organic  cbemiBtry  depanded  on  il< 
■implificadon.  ,  .  .  The  Bret  jrean 
of  id;  reaidenoe  at  Qieewn  were 
almoet  eicliuivelf  devoted  to  the 
improvement  of  organio  analyaiB, 
and  with  the  Bnt  mcc«s«ea  Uiere 
began  at  the  imall  univernty  an 
activity  such  m  the  world  bad  not 
vet  seen.  ...  A  kindly  fate  had 
Drought  tocher  in  Ou«*en  the 
most  talented  ;ouths  from  all 
countrica  of  Europe.  .  .  .  Eiei; 
one  was  obliged  to  find  bb  own 
way  for  hinualf.  .  .  .  We  worked 
from  dawn  to  the  fall  of  night : 
there  wen  no  recreations  and 
pleasures  at  Oiessen.  The  only 
complaints  were  those  of  the  at- 
tendant, who  in  the  eveiiiiigs,  when 
he  had  to  clean,  oould  not  get  the 
worsen  to  leave  the  latxnatory." 
See  'Deutsche  Rundschau,'  vol. 
livi.  pp.  SO-SB. 

>  BilWd  Uitscherlich  (1704. 
lSd3|,  a  pupil  of  Benelius,  dU- 
covered  in  1819  that  in  compound 
bodies  which  cryetalliBe  in  definite 
forms  certun  elements  can  be  re- 
plac«d  bf  othen  in  the  praportjon 
of  their  chemical  equivalence  with- 
out changing  the  fonn  of  crystallisa- 
tioQ.  3uoh  elemeota  are  termed 
"  isomorphous."    Berrelius  declared 


this  to  be  the  most  Important  dlt< 
coveiT  that  bad  been  made  since 
the  theory  of  chemical  proportions 
had  been  established. 

'  This  synthesis  was  the  prepara- 
tion of  urea,  a  highly  organic  sub- 
stance, out  of  the  compounds  of 
cyanogen,  with  the  examination  of 
which  he  and  Liebig  were  then  oc- 
cupied. "  It  was  the  first  example 
of  the  fact  that  an  onpi>ic  sub- 
stance could,  bv  chemical  methods 
alone,  be  produced  out  of  inor- 
ganic matenals ;  this  discovery  de- 
stroyed the  difference  which  was 
then  considered  to  exist  between 
organic  and  inoiganic  Iradiee — vii., 
that  the  former  could  only  be 
formed  under  the  influence  of  vege- 
table or  animal  vital  forces,  where- 
as the  latter  could  be  artificially 
pniduoed  "  (Kopp, '  Oescbicbte  der 
Chemie,'  toL  i.  p.  442).  It  must 
here  be  remarked  that  this  state- 
ment is  only  correct  if  the  sub- 
stances, cyanic  acid  and  ammonia, 
out  of  which  WoUer  produced  urea, 
are  considered  to  be  inorganic  ;  in- 
asmuch as  neither  of  thetu  had  then 
been  produced  otherwise  than  out 
of  organic  substances,  the  popular 
notion  on  Wfihler's  important  dis- 
covery requires  this  correction.  See 
Kopp,  'Geecb.  der  Wissenschaften 
in  Deutschland,'  vol.  x.  p.  64iJ. 
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may  be  aaid  to  date  from  these  and  other  simultaneous 
labours  of  liebig  and  Wohler.'  But  although  the  pure 
sciences,  mathematics,  physics,  and  chemistry,  advanced 
OQ  new  lines  in  the  hands  of  German  students,  and 
although  theoretical  investigations  have  always  been 
favourite  pursuits  of  theirs,  as  we  shall  have  ample 
opportunity  to  note  in  the  course  of  our  further  survey, 
the  greatest  contribution  to  the  prepress  of  science,  and 
the  most  brilliant  performances  of  the  exact  spirit  of 
research  which  emanated  from  Germany  during  the  first 
half  of  this  century,  lay  in  a  different  direction.  And  it 
is  hard  to  believe  that  the  conditions  favourable  to  this 
peculiar  growth  could  have  been  found  anywhere  else 
than  in  the  German  universities.  The  many  elements  of 
thought  which  meet  on  that  ground,  the  equal  dignity 


'  The  joint  Uboun  of  Liebig 
(1808-78)  and  Wiihlor  (1800.82), 
which  hare  become  of  luch  im- 
portaDce  to  sdeDoe,  form  one  of 
the  moBt  iDtereating  iDStauoes  of 
scienUGc  co-opention  between  two 
men  purauing  different  lines  of 
thoi^bt  and  trained  in  different 
schools.  See  the  preface  t«  Hof- 
mann'B  edition  of  Liebig  and  Wok- 
ler'e  Correspondence.  In  Liebig's 
autobiographical  sketch,  quoled 
above,  he  thus  enlarges  on  his  re- 
lations to  Wohler:  "It  was  mj 
good  fortune  that,  from  the  be- 
ginning of  my  career  at  Qiessen, 
similar  inclinations  and  endeavours 
secured  me  a  friend,  with  whom, 
after  so  many  years,  I  am  stjll  (be- 
tween I8S0  and  1870}  connected 
by  ties  of  the  warmest  affection. 
Whereas  in  me  the  tendency  pre- 
dominated to  look  for  the  likenesses 
of  substances  and  their  combina- 
tion*, be  powessed  an  incompanble 
talent  for  seeing  their  differenoea ; 


of  obeerration  was  joined 
in  him  to  an  artistic  aptitude  and 
to  a  genius  for  finding  new  ways 
and  means  of  analysis  such  as  few 
men  possess.  The  perfection  of 
our  joint  researches  into  uric  add 
and  the  oil  of  bitter  almonds  has 
been  frequently  praised  ;  this  is  his 
work.  I  cannot  sufficiently  estimate 
the  adTBOtage  which  both  my  own 
and  our  joint  aims  derived  from  my 
union  with  Wiililer ;  for  in  them 
were  combined  the  peculiarities  of 
two  schools,  and  the  good  which 
each  had,  attained  its  value  through 
co-operation.  Without  grudge  or 
jealousy  we  pursued  our  way  hand 
m  band ;  if  one  required  help,  the 
other  waa  ready.  An  idea  can  ba 
formed  of  tlus  mutual  relation 
when  I  mention  that  many  of  the 
smaller  productiotM  which  bear  our 
names  belong  to  one  alone  ;  they 
were  charming  little  preeeuta  whicli 
one  gave  the  other"  (p.  89). 
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which  there  belongs  to  pure  and  to  applied  science, 
the  continual  contest  which  exists  there  between  meta- 
physical and  exact  reasoning,  and  the  general  ebb  and 
flow  of  rival  currents  of  ideas,  all  seem  to  have  been 
neceBsary  to  raise  to  the  rank  of  an  exact  science  those 
researches  which  deal  with  the  phenomena  of  life  and 
eonseioumesa  in  their  normal  and  abnonnal  forms  of  ex- 
istence. In  the  hands  of  German  students  ^  chemistry 
and  physics,  botany  and  zoolc^,  comparative  anatomy  o 
and  morphology,  pathology,  psychology,  and  metaphysics, 
have  laboured  from  different  and  unconnected  beginnings 
to  produce  that  central  science  which  attacks  the  great 
problem  of  organic  life,  of  individuation,  and  which  studies 
the  immediate  conditions  of  consciousness.  Physiology^ 
or  to  use  its  more  comprehensive  name.  Biology^  may  be 

fumiahed  for  %  loQg  peritid  tha 
>f etematic  treatisea  for  tba  whole 
world  |toI.  iL  p.  1B0).  Fbyuoli^y 
hw  therefore  with  aome  right  boeu 
termed  >  Gemuui  sdeace  (see 
Helmholtz,  'Tortrtise,'  &o.,  vol.  L 
pp.  S39,  362  i  Da  Bou-Rejmond, 
'BedsD,'  vol  ii.  p.  2Se).  Com- 
pare oUo  what  Hiude;  wyi, 
'Critiquea  and  A.ddre»e<,'  pp.  S21, 
803.  Od  the  connection  of  phy- 
Moli^  with  all  other  »cienoe«  see 
likewise  Helmholtz,  loo.  cit. ;  Du 
Bois  •  BejmoDd,  vol.  iL  p.  341; 
Huxley,  '  l^y  Sermon*,'  Ac,  p, 
76;  'Science  and  Culture,'  p.  62  : 
"  A  thorough  itudy  of  human  phy- 
siology ii,  in  itself,  ao  education 
broader  and  more  comprehensive 
than  much  that  pasees  otlder  that 
name.  There  is  no  aide  of  the  in- 
tellect which  it  does  not  call  into 
!>lay,  no  region  of  human  know- 
edge  into  which  either  ita  roota  or 
ita  branches  do  not  extend,"  Ac 

*  The  word  "biology"  aeema  to 
have  been   first   used  by  O.  R. 


'  The  two  greatest  discoveriea 
in  physiology  belong  to  England. 
These  are  Harrey's  discover;  of  the 
circulation  of  the  blood  in  the  seven- 
taeoth  century,  and  Charlee  Bell's 
discovery  of  the  difference  of  sensory 
and  motor  nervea  in  the  early  part 
of  this  centuiy.  The  two  men,  how- 
ever, who  have  done  most  to  estab- 
lish physiology  as  an  independent 
science,  whose  systematic  works 
have  done  moat  for  the  student 
of  physiology,  are  probably  Haller 
(see  tupra,  p.  17fl),  whose  'Ele- 
ments' out  into  the  shade  all 
older  handbooks,  and  Johannes 
HiiUer  (1801-58),  whoae  '  Hand- 
buch'  (1833-40)  was  translated 
into  Fr^ch  and  English.  See  Du 
Bois-Reymond,  >  Reden,'  Ac.,  vol. 
ii.  pp.  143,  Ac,  19G,  360,  who  also 
points  out  how  in  other  Bciencei, 
like  uatbematics,  physics,  chem- 
istry, Oermana  made  use  almost 
eicluaively  of  tranalationa  of  French 
and  English  text-hooka  and  band- 
books,  whereaa  in  physiology  they 
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Bud  to  be  a  German  science  as  chemistry  has  been 
named  a  French  science.  I  have  already  referred  to  the 
great  Haller  in  the  last  century,  who  may  be  called  the 
father  of  physiology;  to  Blumenbach,  the  comparative 
anatomist ;  and  to  Liebig  and  Wohler,  who  first  among 
chemists  succeeded  in  producing  an  organic  compound  by 
the  processes  of  inorganic  chemistry.  I  have  now  to  add 
two  names,  which  tc^ther  mark  a  great  revolution  in  our 
ideas  of  the  structure  of  organisms,  and  link  together 
the  two  sciences  which  had  treated  separately  of  the 
animal  and  v^etable  worlds.  About  the  year  1838 
Mathiaa  Schleiden  *  propounded  his  cellular  theory  con- 

deol  with  living  things,  whether 
they  be  utimsle  or  vhether  thaj 
be  plants"  {loe.  cit.,  p.  188).  It 
can  be  divided  into  three  branches 
— (1)  Morphologj,  which  comprises 
the  science*  of  anatomy,  develop- 
ment, and  clasaiGoation ;  (2)  tha 
science  of  the  diitributian  of  living 
beings,  present  and  past ;  and  (3) 
phyaiolog;,  which  deals  with  the 
functions  and  acUoni  of  living 
beings,  and  tries  to  "deduce  the 
facts  c^  morpbology  and  of  distribu- 
tion from  the  laws  of  the  molecular 
forces  of  matter"  (Huiley,  'Lay 
Sermons,'  &c,  p.  83,  1884).  To 
these  three  Huxley  adds  ('Ency. 
Brit.,'  are.  "Biology")  the  infant 
science  of  "tetiology,"  which  "has 
for  its  object  the  aecertainmeiit  of 
the  cauees  of  the  facts  of  biology 
and  the  eiplanatjun  of  biological 
phenomena,  by  showing  that  they 
constitute  particular  esses  of  genem 
physical  laws"  (p.  888), 

■  Mathins  Jacob  Schteiden  (1804- 
81),  for  some  time  Professor  of 
Botany  at  Jena,  was  a  man  of 
peculiar  ability  and  disposition, 
combining  a  philosophical  mind 
with  exact  knowledge  and  a  gen- 
eral iileraiy  tast«,  not  frequently 


Trevu-anuB  (17;S-183;),  a  learned 
physician  of  Bremen,  who  began  to 
write  bis  '  Biologie  oder  Philosophic 
dtx  lebenden  Natur'  in  1706  snd 
to  publish  it  in  1802  (B  vols.,  1802- 
22).  Lamarck  used  the  word  in 
his  '  Hydrog^logie,'  1801.  They, 
«•  well  as  Bicbat  about  the  same 
time,  independently  "conceived  the 
notion  of  uniting  the  sciences  which 
deal  with  living  matter  into  one 
whole,  and  of  dealing  with  them 
M  one  discipline  "  (Huxley,  on  the 
study  of  Biology,  1878,  in  'Ameri- 
can Addresses,'  p.  136,  4c.)  The 
t»rm,  though  of  Qerman  origin,  has 
not  found  favour  in  that  country, 
and  ^ter  having  been  used  officially 
in  France  and  England,  makes  its 
appearance  in  Germany  only  since 
the  great  works  of  the  modem 
English  school,  headed  by  Darwin, 
have  guned  so  much  influence  in 
Oermany.  In  the  meantime  the 
biological  sciences  had  been  exten- 
sively represeuted  at  the  Qermau 
universities  by  chairs  of  physiology, 
loology,  botany,  4c  According  to 
Huxley,  biology  has  been  "substi- 
tuted for  the  old  confusing  name 
of  natural  history,"  and  "denotes 
the  whole  of  the  sciences  which 
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eeming  the  structure  and  growth  of  plauts.  About  the  u 
same  time  Tbeodor  Schwann  *  extended  this  theoiy  to 
animal  organisms.  A  variety  of  circumstances  combined 
to  make  the  announcement  of  the  cellular  theory,  which 
will  always  be  associated  with  those  two  names,  an  epoch 
in  the  history  of  scientific,  indeed  of  general,  thought. 

The  historian  of  botany,  Julius  Sachs,  describes  the 
publication  of  Schleiden's  great  work  as  a  burst  of  day- 
light,* and  I>u  Bois-Beymond  says :  "  In  order  to  measure 
the  mi^cal  progress  which  it  marks,  one  must  have  wit- 
nessed the  rise  of  the  cellular  theory,  when  it  suddenly 
spread  daylight  in  the  darkness  of  the  hidden  structure 


to  be  found  among  men  of  pure 
■dsnoe  in  Oernuuiy.  Oppo«ed  to 
the  idealiitic  philoaophf  u  >  fol' 
lower  of  Friea,  and  on  the  other  aide 
to  the  dry  aystematieation  of  the 
LiDDtMn  school,  he  wm  the  mui  at 
once  to  broaden  the  ncientific  view 
and  to  oreat«  a  popular  intereat  in 
the  "lifeof  theplant"-«orbL  The 
titlee  of  bia  two  beat  known  worka 
are  characteristic,  'Die  Butanik  aU 
inductive  WiaaenMhaft'  (IS42-4B), 
and  hia  short-lived  periodical  (filled 
with  the  labours  of  bis  equally  im- 
portant co-editor,  Niigeli),  '  Zeit- 
■ehiitt  fUr  wisaenachMtliche  Bo- 
tanik.' 

>  Through  the  friendship  of 
Schleiden  and  Schwann  (1810-82, 
a  pupil  of  Johannes  MUUer  and 
professor  at  I>auvain),  two  inde- 
pendent ooursea  of  research  and 
acientiSc  thought  were  brought  to- 
gether. Schleiden  placed  the  "cell" 
— a  term  used  before  him  by  Hooke, 
Malpighi,  Grew,  WoIS;  Brown,  and 
MiTbel~in  tiie  forefront  of  hia  de- 
scription aa  the  element  of  form 
and  aa  the  origin  of  life,  or — at  we 
now  express  it — as  the  morphologi- 
cal and  embiyolopcal  unit,  in  the 
plant.     A  similar  smw*  of  great 


names,  beginning  with  Biohat  and 
leading  up  to  Johannes  Huller, 
marks  the  atudiea  of  animal  tissues. 
Schwann,  struck  with  the  analogy 
of  Schleiden's  nucleated  cells  and 
similar  structures  which  he  had 
observed  in  tbe  notocbord,  con- 
ceived and  verified  on  a  large  acale 
the  idea  "that  a  common  principle 
of  development  exists  for  the  most 
different  elemental  parta  of  ibe 
organLsm,  aad  that  the  foroation 
of  cells  is  this  principle."  This  it 
the  beginning  of  the  cellular  theoiy, 
which  produced  at  once  a  recon- 
struction of  the  whole  of  "  general 
anatomy"  by  Jacob  Henle  (1609- 
86),  tod  BUbeequently  the  "cellu- 
lar pathology  "  of  Rudolph  Vlrchow. 
As  the  latter  has  himself  sud,  he 
aims  at  the  establishment  of  a  gen- 
eml  bialoffiad  principle,  and  thus 
the  discovery  of  Schleiden  and 
Schwann  ia  characterised  as  the 
transition  from  the  "  hittoricat "  to 
the  "  biological "  ttudy  of  animated 

■  See  Juliut  Sachs,  'Oeeehichte 
der  Botanik  Tom  10  Jahrh.  bis 
1860,'  p.  208,  and  b  many  other 
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of  anipift]')  and  plants,  where  the  raya  of  oomparatiTe  ana- 
tomy and  embryology  could  not  reach."^  This  bold  gener- 
aliaatioD,  which  had  been  prepared  by  a  long  seriea  of 
botanical  and  morphological  reaearches  in  and  out  of  Ger- 
many, met  alternately  with  applause  and  criticism ;  it  gave 
rise  to  a  long  controversy,  and  was  t^e  starting-point  of  a 
whole  line  of  important  discoverieB.*  It  secured  for  Ger- 
many a  long  period  of  supremacy  in  physiological  science. 
This  supremacy  was  more  than  maintained  by  a  great 
».  volume  of  minute  investigations,  which  emanated  from 
rich  wbIbt    the  schools,  and  centred  in  the  names,  of  E.  H.  Weber  * 


1  Du  Bda-B«;moDd, '  B«dea,'  *oL 
iL  p.  641,  fto. 

*  "WhAtoTer  ckTiller*  may  aajr, 
it  U  certain  that  histolofor  before 
18S8,  nod  hutolo^  *mc«  theo,  are 
two  different  ocieDoea — in  scope,  iu 
purpose,  and  in  dignity — imd  tlie 
eminent  men  to  irliom  ve  allude 
may  safely  tnawer  all  detrMtion  fay 
a  proud  Oircvmtpice," — Huxley  in 
his  valuable  paper  on  "The  Cell 
Theory  "  in  the '  Britiflh  and  Foreign 
Medical  Chinirgical  fieiiew,'  1653, 
toI.  lii.  p.  290. 

'  The  tliree  brothers  Weber  (Enut 
Heinricb,  17eS-lS78;  Wilhelm, 
1804-91 ;  and  Eduard,  1806-71)  may 
ba  looked  upon  a*  early  repreeetlta- 
tives  of  the  best  form  of  Qennan 
rasearch  on  the  lioes  now  recognised 
as  the  true  and  fruitful  ones  in  na- 
tural science.  Bom  in  an  age  when 
other  great  and  mors  widely  known 
reformera — such  as  Liebig,  Schiiti- 
Inn,  and  Job.  Milller — fr^  tbem- 
selvea  with  difficulty  from  the  pre- 
vailing metaphysical  ayslams,  tbey 
seem  to  bare  at  oDce  seized  the 
true  spirit  of  exact  research  with- 
out relinquishing  the  broader  philo- 
sophical and  encyclojwedio  view  of 
the  sciences  which  tbey  cuIUvated. 
Living  far  into  an  age  when  the 
utilitarian   spirit   became   equaUy 


seductive  in  an  opposite  direction, 
they  preaerved  pure  and  undefiled 
within  themselves  the  German  ideal 
of  Wiitmtchaft  is  a  pureuit  carried 
on  for  it*  own  intrinsic  value,  not 
for  any  immediate  practical  object. 
Their  position,  espedalty  that  of 
the  two  elder  brothers,  is  in  this 
respect  unique,  and  may  be  studied 
independently  of  the  scienliBc  ideas 
which  they  represented,  and  which 
will  occupy  us  later  on  as  a  chapter 
in  the  history  of  thought  character- 
istic of  the  German  mind  and  the 
best  type  of  the  university  studies. 
In  three  works  of  classic^  value — 
'Die  Wellenlehre  auf  Ezperimeti- 
ten  begrundet'  (B.  H.  and  W. 
Weber),  lS2ti;  'Die  Mechanik  der 
mensGhlichen  Gehwerkzeuge '  (W. 
and  E.  Weber),  183S ;  <  Elektro- 
dyoamiache  HHaebeetimmungen ' 
(W.  Weber),  1848  onward— and  in 
a  great  number  of  special  investi- 
gations, the  method  of  exact  men- 
suremeut  was  applied  to  physical, 
physiological,  and  even  mental 
phenomena,  and  the  foundation 
laid  for  a  mechanical  description 
and  mathematical  calculation.  The 
later  generalisations,  known  as  Wil- 
helm Weber's  law  of  electro-dyn- 
amics and  E.  H.  Weber's  law  of 
paycbo-pbysica,  have  given  rise  to 
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and  Johannes  Muller.  The  school  of  the  latter  especially  u 
has  the  merit  of  havii^  introduced  over  the  whole  field 
of  pbTsiological  phenomena  exact  methods  of  inquiiT', 
of  havii^  established  physiologioal  laboratories  all  over 
Germany  similar  to  Liebig's  chemical  laboratory'  at 
Oieesec,  and  of  having  effectually  chased  away  the  v^ue 
notions  of  the  older  metaphysical  school,  and  diffused  the 
true  scientific  epiriL  It  boasts  of  having  filled  the  chairs 
of  medicine,  physiology,  and  anatomy  at  the  German 
aniversities  with  a  long  list  of  eminent  teachers  who  have 
spread  this  true  scientific  spirit  in  every  branch  of  the 
medical  sciences,^  which  it  has  in  consequence  drawn  into 


long  controveniw  Mid  fruitful 
thaorie*.  Tb«ir  joint  Uboun 
corer  fall;  half  a  cantur;.  3m 
for  a  aympathetic  picturs  of  the 
pOMtioo  which  the  three  brothers 
Weber  held  id  the  learned  world 
thebiographjof  Fechnerby  Kantza, 
18K,  p.  2*3;  "They  were  ioncing 
the  Bnt  to  rajae  the  stud;  of  Nature 
•tnoDg  QermaiM  to  the  eminence 
oocuined  by  the  phikeophen  and 
"~"e  of  the  Latin  racae." 


•d  by  the  medical  faculty, 
by  CtuMB  biological  eciencee  which, 
like  botany,  loology,  anthropology, 
&o.,  belopg  to  the  phi]oeophi<»l 
faculty,  now  furaiih  Che  largest 
number  of  atudenta  to  tbe  Qerman 
univenities.  In  the  begiuning  of 
the  century  the  theological  faculty, 
nhieh  then  included  the  greater 
part  of  those  who  prepared  them- 
■elvee  for  higher  t«achiiig,  stood 
at  the  head  as  regards  numbers. 
Under  the  influence  of  the  philo- 
logico  •  biatoric*]  moTement,  which 
grew  and  culminated  in  the  course 
of  thia  century,  and  the  naing  tide 
of  the  exact  adeacM,  the  pluloeo- 
phical  faculty  for  a  time   gained 


and  muntained  the  upper  hand. 
Biological  —  including  medical  — 
studies  now  command  the  greatest 
attenlJon.  Id  hii  statistical  report 
(coutained  ia  Leiis,  '  Die  deutacben 
Universitiitsn,'  Berlin,  18S8)  Prof. 
Coorad  givea  an  interesting  table 
of  the  changing  numerical  pro- 
portion in  the  different  facultiei 
(vol.  L  p.  126,  fcc)  Prof.  BUh^th 
in  his  admirable  treatise,  'Ueber 
daa  Lehren  und  Lemen  der  medi- 
ciaiaahen  Wissentehaften,'  Vienna, 
1676,  deals  with  this  subject  at  all 
the  German  UDiveraitiea,  including 
the  Austrian.  As  Vienna  is  eutm 
an  important  centre  of  medical 
studiea,  the  proportioQ  of  thoee 
students  who  cultivate  biological 
studies  would  probably  be  still 
greater  if  we  were  to  include  the 
Austrian  UDiversitiea.  I  suppose 
the  figure  would  be  about  40  per 
ceut  of  the  whole.  To  KUroth's 
treatise  I  may  also  refer  aa  con- 
firming in  reiatioD  to  these  moi« 
modem  branches  what  I  said  above 
of  the  culture  of  Wiutntehi^.  See 
p.  279  and  the  whole  section  on  the 
relation  of  the  biological  sciences  ta 
the  uuitersity,  pp.  111-410.     It  i* 


b,Goo(^lc 


198 


SCIENTIFIC  THOUGHT. 


the  circle  of  the  exact  or  mechanical  sciences.  But  not 
only  in  its  far<resching  applications  to  medical  know- 
ledge and  practice  has  the  movement  which  centred  in 
Weber  and  Miiller  shown  its  strength  and  importance ;  it 
has  also,  from  the  commencement,  extended  ita  influence 
in  another  direction.  To  it  belongs  pre-eminently  the 
cultivation  of  that  borderland  which  connects  the  natural 
and  the  mental  sciences.  Miiller^  himself  began  his 
career  by  a  study  of  the  mechanism  of  the  perceptions 
of  the  senses.     He  affirmed  the  law  of  apect^  mergies. 


intorMttng  to  note  ttwt  Prof.  Bill- 
roth does  not  employ  tbe  word 
biological,  but  umi  the  uotr>o>Ut. 
»ble  compoUDd  nal^^Tvittenlehaft- 
lKh-ntdvsim*eK. 

'  JohanDw  UUUer  (1801-S9)  hu 
been  termed  the  Hdler  of  the 
nineteeDth  century,  tbe  CuvJer  of 
Oennuif.  A  very  good  account 
of  hi>  work,  whii^  forini  ux  im- 
portADt  chapter  \o  the  histoiy  of 
German  biology,  is  contaiaed  in  Du 
Boil -Bey  rnond^  '  Gedachtnivrede 
aut  Joh.  Mtiller'  (IgGS),  reprinted 
with  extenaive  notes  !□  hit '  Beden,' 
vol.  ii  pp.  1 43-834.  Miiller  u  there 
considered  aa  the  laat  repreienta- 
tiye  of  a  dynasty  of  philoeopherB 
who  embnund  the  whole  domain  of 
"biology,"  which  ainoe  baa  become 
divided  btJ>  variouB  sciencee,  not- 
ably tbe  morphologioal  and  the 
phyaiologioal  branches.  He  thus 
Blands  out  aa  the  master  of  aome 
of  the  greateet  modem  represent- 
ativee  of  natural  and  medioal  «ci. 
ence,  such  ai  Schwann  and  Henle 
in  anatomy,  Briicke,  Du  Boii-Rey- 
mond,  and  Helmbolts  in  phyeiology, 
Virchow  in  pathological  anatomy. 
He  together  with  Lucas  Schiinlein 
(1798-1861)  may  be  considered  aa 
the  founder  of  tbe  modem  Berlin 
■cbool  of  medicine,  oontemporane- 
ous    with   which    ia    the    modem 


AuBtriao  school,  with  the  namea  of 
PurkiDJe,  Skoda,  Oppoltser,  and 
Bokitaasby.  An  excellent  charac- 
teriaation  of  the  diOerent  positions 
and  influences,  of  the  croas-ourreota 
of  thought,  of  the  original  homea 
and  of  the  wanderings  of  the  scien- 
tifie  spirit  through  the  many  Ger- 
mau  -  speakiug  countries  aod  the 
eitoDsive  network  uf  German  uni- 
Torsitiee,  will  be  found  in  Billroth, 
Ue.  cil.,  pp.  307-366.  If  we  imagine 
a  similar  life  as  eiiating  all  through 
the  century  in  oth.er  domains  of 
thought— in  philosophy,  theology,  - 

EbiluloCT,  ma  thematic*,  chemistry, 
hW,  antf  the  edenoe  of  biatoiy— ws 
get  a  taint  idea  of  the  work  of  the 
German  uuiversitjea.  In  Lexii, 
'Die  deutachen  Univeraitaten,'  an 
attempt  has  been  made  to  give 
such  a  picture.  Tbe  picture,  how- 
ever,  auSeia  by  the  ezcluaion  of  the 
Austrian  uniTeraitias,  and  theae — 
notably  in  the  medical  world — hold 
such  a  very  high  poeition  that  tbe 
record  of  the  united  work  ia  eome- 
what  incomplete.  Tbe  acienoea  are 
also  in  this  record  cut  up  into 
many  branches,  whereas  in  the 
earlier  part  of  the  century  many  of 
these  were  united  and  represented 
by  one  great  name.  Such  a  name 
was  Johannes  Miiller  in  biology. 
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which  decliuea  that  the  differences  of  the  senBatiooB  of 
light  and  colour,  of  Bound,  of  touch,  &c,  do  not  depend 
upon  the  mode  of  irritation,  nor  even  upon  the  different 
structure  of  the  specific  nerves,  but  upon  the  nature  of 
the  central  sense  organ.  In  the  school  of  Mtiller  the 
phenomena  of  voltaic  electricity,  which  bad  been  so  seduc- 
tive and  misleading  to  an  earlier  school  of  physiologists 
not  experienced  in  the  methods  of  exact  research,  were 
again  subjected  to  scientific  investigation,  and  led  to 
the  brilliant  researches  with  which  the  name  of  Du  Bois- 
Beymond  is  so  intimately  connected.  He  is  ae  ready  as 
Helmholtz,  who  in  his  two  great  works  on  physioli^cal 
optics  and  musical  acousticB  has  founded  new  branches 
of  science,'  to  acknowledge  the  leadership  of  Johannes 


eel«br*t«d  u  phTrioIogist 
themktical  philoBopher,  nmi  eau- 
oated  und«r  tb«  iofluence  of  Jo- 
tuuDce  Hiiller  od  the  one  aide,  of 
Jacobl  and  the  KoDigelwrg  kIiooI 
a(  DMtbeoiaticiuu  (Beuel  and  Neu- 
auum)  on  the  other.  If  «e  add  to 
thii  that  he  alio  made  ■  profoand 
■tudy  of  those  far-reaching;  specula- 
Uona  which  originatBd  in  the  phi]- 
OBOphy  of  Kant,  we  realin  hov  ran) 
is  the  combination  of  ability  and 
knowledge  which  he  hM  brought  to 
botr  on  the  discuuion  of  the  moit 
advanced  prablema  in  phjnica, 
biology,  and  peychology.  In  the 
Mqael  1  ahall  have  to  refer  so 
frequently  to  his  writingt  that  1 
sonflne  myself  here  to  giving  the 
date  of  liii  principnl,  his  epoch-mak- 
ing publications:  1847.  'Ueberdie 
Erhaltungder Kraft';  1868.  '0eb«r 
die  Intcgmle  der  hydrodyDamischen 
Oleiokungen,  wslche  der  Wirbel- 
beweguDg  entspreeben'  —  both  re- 
printed in  'WuBenschaftliriie  Ab- 
handlungen,'    Leiptig,    I  $82    and 


1833,  2  vols.  These  two  Hemoira 
may  be  considered  *■  corner-stones 
of  two  of  the  moat  important  mo- 
dem theories  in  physical  scieDoe, 
the  "ooDservation  of  energy"  and 
the  "  theory  of  vortoi  motion."  In 
both,  the  name  of  Helmholti  is  in- 
Umately  allied  with  tliat  of  William 
Thomson  (Lord  Kelvin),  f^ually 
important  and  more  comprehensive 
have  been  bis  researches  in  the 
phjsiology  and  psychology  of  sense- 
peroeptions  in  his  '  Fhyiiologiache 
OpUk,'  Leipzig,  1867;  'Lehre  von 
den  TonampfiDdungen,'  Braunsch- 
weig, 1868. 

Helmholtz  has  also  contributed 
largely  to  the  discussion  of  two  very 
important  In^nobes  of  modem  8pe> 
oulaCion — fint.the  tbeoreUeal  views 
on  the  nttture  of  electrical  pheno- 
mena eiprtesed  by  the  oppoaita 
coDoeptions  of  Wilhelm  Weber  id 
Germany  and  Faraday  in  England  ; 
•eoond,  the  origin  of  geooMtrieal 
axioms,  especiaUy  the  axiom  refer- 
ring to  parallel  linea.  A  great 
interest  ui  this  «abjeot  hkd  mmi 
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Miiller.  And  out  of  the  circle  of  which  E.  H.  Weber 
was  the  centre,  has  emanated  that  work  of  Fecbner, 
'Slements  of  Psycho-physics,'  which  marks  an  epoch 
in  psychology :  it  is  indeed  mainly  occupied  with  the  ex- 
position and  apphcation  of  what  is  termed  Weber's  law 
of  senBation.*  In  the  course  of  the  second  quarter  of  the 
century,  the  names  of  Gauss  and  Jacobi  in  mathematics, 
of  Liebig  and  Wohler  in  chemistry,  bf  Schleiden  and 
SchwMin  in  the  science  of  life,  of  Miiller  and  Weber  in 
physiology,  raised  German  science  to  the  level  previ- 
ously reached  by  the  French  Academicians,  by  laplace 
and  Lagrai^,  by  Lavoisier  and  Berthollet,  by  Cuvier 
and   St-Hilaire,  by  Vicq-d'Azyr   and  Bichat.     During 


creat«d  bv  tbe  poathumous  publi- 
catioD  of  RiemsDn'B  celebrated  He- 
moir,  'Ueber  die  HjpotheMn  welcbe 
der  Geonietrie  eu  Orunde  li^ea,' 
Oottingen,  ISSS.  HelmbolU'a  io- 
Tentioii  of  the  opbUutlmoaoope  in 
1S61  marks  oo  epoch  id  ophthal- 
roologjr. 

■  aiutaTTheodorFechi]er{lSOS- 
S7),  profesKtr  at  the  Univenity  of 
Leiptic,  wM  m  eztnordiuary  tnau. 
The  wide  range  of  hit  interests  and 
hi«  great  personal  influence  are  well 
described  in  his  biography  by  Dr 
KuntK,  'O.  T.  Fechner,  Ein 
deutschee  Qelebrtenleben,'  Leipzig, 
1892.  Together  with  Lotie  be  may 
be  said  to  have  brouglit  about  the 
reform  of  Oennati  speculatiTe  pbil- 
DBophy,  and  in  relation  to  this  he 
will  occupy  our  attention  largely 
in  a  later  portion  of  this  book.  He 
belonged  to  the  circle  of  which  E, 
H.  Weber  was  the  centre,  and  has 
taken  an  important  place  in  the 
history  of  philomphy  and  science 
by  his  DOW  celebrated  work,  '  Ele- 
mente  der  Paychophyaik,'  2  toU., 
Leitttig,  1860  ;  Snd  ed.,  1890.     The 


object  of  tbii  work  is  ti 
"  an  exact  doctrine  of  the  relations 
of  body  and  mind,"  tbe  principal 
task  being  "  to  fix  the  measure  of 
psychical  quantities."  He  says  in 
tbe  preface  :  "  The  empirical  law 
which  forms  the  principal  founda- 
tion, was  laid  down  long  ago 
by  difFerent  students  in  dinerenti 
branches,  and  was  expressed  with 
comnaratiTe  generality  mainly  by 
B.  a.  Waber,  whom  I  would 
call  tbe  father  of  psycbu-physics" 
(Preface,  p.  v).  In  early  life 
Fechner  did  much,  by  bis  transla- 
Uons  of  Biot'e  'Physics'  and  Th^- 
nard's  '  Chemistry,'  aa  well  aa  l^  his 
own  experimental  works,  t«  intro- 
duce the  French  scientific  spirit  into 
Qerman  research.  His  psycbo-phy- 
sical  labours  have  been  continued 
by  Prof.  Wundt ;  his  importance 
as  marking  a  turning-point  in 
Qerman  philoaophy  is  brought  out 
in  Paulsen's  *  Eiuleitung  in  die 
Philoeophie,'  Berlin,  18M.  See 
eapecially  Preface,  p.  viii,  and  p. 
SI  8,  where  Fechner  is  placed  before 
Lotze. 
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the  eecood  half  of  the  centmy,  the  influence  of  French 
thought  on  German  science  has  been  less  marked,  partly 
owii^  to  the  independent  course  which  the  latter,  since 
the  age  of  Johannes  Miiller,  has  struck  out  for  herself 
in  the  biol<^cal  sciences,  partly  through  the  more  inti- 
mate intercourse  which  has  set  in  between  English  and 
German  thought  The  three  great  scientific  ideas  which 
the  second  half  of  the  century  has  been  establishing — the 
law  of  the  conservation  of  eneigy,  Darwin's  theory  of 
descent,  and  Faraday's  novel  conception  of  electrical 
phenomena — have  been  elaborated  mainly  by  the  co> 
operation  of  English  and  Grennan  research,  though  it 
must  be  admitted  that  at  least  one  of  these  developments 
dates  back  to  the  b^nnings  laid  by  French  science,^ 
whilst  the  views  of  Faraday  are  subversive  of  some  of 
the  fundamental  notions  to  which  the  works  of  the  great 
French  mathematicians  had  given  very  general  currency. 
Before  we  can  enter  more  fully  on  a  review  of  these  more 
modem  ideas,  I  must,  however,  give  a  picture  of  the  state 
of  scientific  thought  in  England  during  the  first  half  of 
the  century.  This  will  be  our  subject  in  the  last  portion 
of  the  present  section. 


1  Dirwin'i  theory  of  descent  has 
its  forerunnerB  in  Lkmorclt  and  St- 
Bilaire,  whoie  merita  in  Ihia  re- 
■pect  ore  luppoaed  to  haTe  beeD 
overlooked  owing  to  the  ovorwbelui' 
lug  authority  of  Cuvier.  See  Hux- 
ley, ' '  Origin  of  Species  "  in  *  Ijiy 
Sermoiu,'  1891,  p.   2S2  ;  "EtoIu- 


I.  298,  813. 


1  Biology 
Culture,'  1888,  pp.  ! 
whilst  it  U  tme  Uiat 
St-H[laire  entertuned  doubts  as  to 
the  flxity  of  Bpecies,  the  ezplkiia- 
Utm  of  the  porticulAr  nuuiner  in 
which  the  change  of  species  takes 


place  is  entirely  due  to  Darwin, 
ftnd  without  this  further  step 
speculations  as  to  the  origin  of 
species  would  have  remained  for  a 
loDg  time  iu  the  vague.  Lamarck's 
speculationi  were  of  no  real  use  to 
Darwin,  and  bad  besides  been  anti- 
cipated by  Erasmus  Darwin.  On 
the  othnr  hand,  the  researches  of 
Sadi  Camot  were  of  great  value  in 
the  bands  of  Joule,  Thomson,  and 
Helmholtz,  who  may  be  regarded 
as  the  founders  of  the  doctnne  of 
the  conservation  of  energy. 
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u.  But  it  is  my  object  at  present  not  so  much  to  dwell 

^'KSSli  upon  specific  ideas  or  doctrines  as  on  the  growth,  the 
'^'^  diffusion,  and  the  general  character  of  scientific  thought, 
as  this  has  been  established  hj  the  separate  contributions 
of  the  three  nations  in  the  course  of  the  first  half  of  our 
century.  I  therefore  cannot  leave  the  subject  of  German 
science  without  still  more  precisely  notii^  the  peculiar 
character  which  scientific  thoi^ht  has  assumed  under 
the  influence  of  the  German  university  system.  As 
we  saw  before,  when  the  spirit  of  exact  research,  mainly 
through  the  influence  of  the  great  French  mathema- 
ticians and  physicists,  became  diffused  in  Germany, 
and  entered  the  pale  of  the  German  universities,  it  was 
met  there  by  that  peculiar  ideal  of  learning  which  the 
German  language  terms  Wistenselia/t.  This  encounter 
did  not  everywhere  produce  a  favourable  reception  for 
the  new  school ;  but  in  the  end  it  led,  like  every  con- 
troversy, to  a  firmer  establishment  of  the  true  princi- 
ples of  research.  The  life  of  the  German  universities 
had  in  the  earlier  centuries  b^^n  witii  classical  studies ; 
it  bad  been  reformed  under  the  influence  of  the  theo- 
logical and  juridical  requirements  of  the  Protestant 
Governments;  and  ultimately  it  had  been  entirely  re- 
newed under  the  influence  of  the  classical  and  philo- 
sophical studies  centred  in  the  fourth  or  philosophical 
faculty.  These  classical  and  pfailoeophical  studies  com- 
bined to  create  the  ideal  of  Wissenecha/t,  or  science,  in 
the  broadest  sense  of  the  word.  This  ideal  formed  the 
central  conception  in  the  new  scheme  of  a  higher  and 
general  education  of  the  nation ;  it  aoetunpanied  the 
great  revival  in  art,  poetry,  and   literature.      In  the 
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philosophy  of  Eant  and  Fichte,  the  republican  notions 
which  led  the  political  movemente  in  America  and 
France  had  been  reduced  to  a  system  and  theoretically 
proved ;  the  discipline  of  a  classical  education  was  the 
Bcbool  in  which  leaders  and  youths  were  trained  who 
marched  into  the  war  against  the  great  oppressor.  This 
ideal  of  Wiatentcha/t  had  thus  acquired  a  practical  mean- 
ing, an  ethical — not  to  say  a  religious — significance ;  it 
was  allied  to  the  religious  revival  preached  by  Schleier- 
macher  and  a  section  of  the  Homantic  school.  Of  its 
value  as  a  principle  for  guiding  research  and  learn- 
ing it  had  given  proof  in  that  great  circle  of  studies 
which,  aince  the  time  of  F.  A.  Wolf  and  Wilhelm  von 
Humboldt,  was  comprised  under  the  name  of  Philology. 
Under  its  iufiuence  new  universities  were  being  founded 
and  academies  remodelled. 

Now,  it  is  the  peculiarity  of  all  philosophical  and 
historical  studies  that  they  deal  with  one  great  subject, 
which  cannot  easily  be  divided  into  a  number  of  inde- 
pendent parts  capable  of  separate  treatment ;  since  their 
interest  attachea  mainly  to  the  fact  that  they  explore 
the  workings  and  manifestations  of  the  human  mind  in 
the  past  and  in  the  present.     These  studies  are  there- 
fore forced  to  keep  always  in  the  foreground  the  idea 
of  a  great  unity  of  action  and  purpose,  to  aim  at  com- 
pleteness of  view,  and  to  refer  all  special  researches  to 
general  principles  and  standards.    The  encyclop^ic  view,       m. 
in  fact,  is  forced  upon  all  philosophical  and  historical  ^^^' 
sciences.     Almost  without  exception  the  great  masters  J^^JiS^ 
and  teachers  who  lived  in  the  beginning  of  this  century 
adhered  to  this  view,  and  however  great  in  special  and 
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detailed  reeearch,  measured  the  importance  of  their 
results  accordii^  to  the  %ht  which  they  were  able  to 
throw  upon  the  questions  referring  to  the  whole  subject 
and  ito  combined  life  and  unity. 

It  was  also  natural,  seeing  that  this  comprehensive 
or  philosophical  treatment  led  to  auch  great  results  in 
the  historical  sciences,  that  an  attempt  should  have  been 
made  to  deal  with  the  phenomena  of  K ature  by  a  similfu: 
conception.  It  was  not  a  new  or  a  far-fetched  sugges- 
tion to  r^^ard  Nature  as  the  playground  of  a  hidden 
intelligence,  of  an  unconscious  mind,  just  as  history,  lan- 
guage, and  thought  were  viewed  as  the  manifestations 
of  the  conscious  human  mind.  After  this  the  further 
conception  was  not  remote  that  both  the  mind  of  Nature 
and  the  mind  of  Man  are  only  two  different  sides  of  the 
universal  or  absolute  Mind.  The  philosophy  of  Schelling 
was  the  first  attempt  to  put  this  idea  into  an  applicable 
form,  the  system  of  Hegel  the  first  confident  elaboration 
of  it  in  its  various  ramifications  and  applications.  At 
the  time  when  the  mathematical  and  physical  sciences 
were  leading  the  way  in  France,  and  gradually  forcing 
their  way  into  Germany,  most  of  the  universities  in  the 
latter  country  had  one  or  more  representatives  of  that 
new  and  apparently  promising  school  which  termed  itself 
the  "Philosophy  of  Nature."  The  trammels  of  this  school 
had  to  be  shaken  o£f  by  those  who,  as  they  became 
gradually  convinced  of  its  barrenness  in  actual  results, 
took  up  the  cause  of  the  exact  or  mathematical  sciences 
now  that  they  had  been  cultivated  by  many  isolated 
labourers  in  Germany  and  in  England,  and  had  been 
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for  the  first  time  connected  into  a  great  oi^ani&ation  by 
the  French  Academy  of  Sciences. 

The  oppositioo  in  which  the  new  school  of  exact  and 
detailed  research  stood  to  the  representatives  of  the  broad  ti 
philosophical  view '  gave  rise  to  a  great  many  currents  S 
of  thought ;  for  neither  the  former  nor  the  latter  pre-  " 
sented  a  united  front.     Among  those  who  advocated  the 
exact  methods  of  research  there  was  a  section  which 
dung  more  exclusively  to  the  empirical  side,  and  culti> 
vated  the  descriptive  and  experimental  sciences ;  whereas 
others,  whom  we  may  call  the  French  school  of  science, 
developed  the  mathematical  methods,  not  without  a  cer- 
tain Ul-di^uised  contempt  for  pure  empiricism.'     On 
the  side  of  classical  and  philosophical  studies  there  was 
a  section  which  cultivated  the  historical  ^  in  contradis- 


'  On  the  reUtiona  of  matheioftCi- 
ckl  and  eiperimentsl  ph;uc<,  and 
the  different  opinJODB  which  eiiated 
during  the  firat  b&lf  of  the  oentuiy, 
we  Helmholti'a  popuUr  ftddreuea 
in  muij  ptacee,  but  eepecielly  the 
diKOuree  on  Oiut*v  Mj^ui  (1802- 
70),  who  m&y  bf  reffiutled  «  B 
reprewalativa  □(  the  eiperiment&l 
tohool  in  Oemunj.  In  the  opin- 
ion of  thii  BCbooI,  which  cultivated 
the  borderloDd  of  physics  and  chem- 
ittrr,  of  organic  and  inurganio  phe- 
nomena, or  investigated  the  leu 
knowD  phenomena  of  frictional  elec- 
tricity (iUeee)  or  the  complinted 
phenomena  of  meteorology  (Dove), 
ft  <^ger  existed  that  mathematical 
theories  and  elaborate  calculatiuos 
might  lead  to  an  estrangement  from 
nature  and  observation,  similar  to 
that  which  specula tive  philusuph; 
bad  created  before-  Helmholtz  him- 
self wa*  met  by  this  sentiment  when 
he    published    his   great    memoir, 


'Ueber  die  Erhaltung  der  Kraft,' 
in  18*7  i  PMgendorfs  physical 
periodical  would  not  reoeiTe  it, 
and  Jacobi,  the  mathematician, 
was  the  only  one  who  showed  any 
interest  in  it.  See  Helmholts, 
'  Wiseenacbaf tUche  Abbandlungen,' 
vol.  i.  p.  78;  'Beden,'  vol  ii.  p. 
48. 

^  As  the  philosophy  of  Schelling 
promoted  a  study  of  nature,  and  in 
doing  so  prepared  its  own  downfall, 
so  the  philosophy  of  Hegel  led  to  a 
study  of  history,  and  thus  to  the 
proof  of  the  insufficiency  of  its  own 
generalisations.  Many  valuable  be- 
ginnings of  historical  research  eman- 
ated also  from  the  Romantic  Bcbool 
of  literature.  In  all  these  instances 
philosophical  interesia  tsd  beyond 
the  abstract  It^cal  and  metaphysical 
treatment  into  the  broad  and  fertile 
plains  of  actual  life,  be  it  that  of 
nature  or  of  art  or  of  history.  But 
the  true  methods  of   research  in 
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tinction  to  the  philosophical  view,  and  another  which 
elaborated  what  it  termed  exclusively  the  critical  meth- 
ods,' not  without  a  certain  suspicion  regarding  those  who 
showed  a  desire  to  roam  into  outlying  fields  which  did 
not  permit  of  equally  strict  discipline  and  treatment.     So 
far  as  this  refers  to  the  purely  historical  sciences,  I 
shall  revert  to  the  subject  when  I  come  to  treat  of  the 
principles  which  underlie  and  guide  this  line  of  studies. 
At  present  I  am  concerned  with  the  growth  and  dif- 
fusion of  the  exact  scientific  spirit  and  its  methods. 
No  one  did  more  to  spread  the  ideas  and  methods  of 
^Bi^dar    French  science  in  Germany  than  Alexander  von  Hum- 
boMt.™'    boldt.     He  himself  had  done  original  scientific  work*  be- 

'Altertbum'und  Qcgeowut,'  Berlin, 
ieS9 ;  and,  flQally,  the  duptor  on 
"KIwaUche  Fhilologie"   b^  Wil»- 


%  pbUo. 
>f  deUil 


tb«M  extsnuT*  fi«kU  we 
wards  found  not  k>  much 

■ophical  canona  M  in  a  love 
and  obeerration,  and  in  thi 
of  an  unbiawed  criticUio  of  facU 
and  recorda.  For  the  relationa  of 
philoaopby  to  biitory  in  raapect  of 
Ihii,  Ma  Wesele,  '  OeKbichte  der 
deutacben  Butoriographie,'  Uiin- 
chen,  1S3C,  6th  book,  p.  975,  be. 
Equally  iinport»nt  are— ^lervinua, 
'QrundiUge  der  Historik,'  Leipiig, 
1SS7  ;  the'Nekralogauf  Schloaser,' 
Leipzig,  1S62,  includiog  the  vbole 
literature  which  it  provoked  ;  and 
O.  Loreoc,  'Dis  Oeschichtawiesen- 
acbaEt,'  Berlin,  1880,  eapecially  the 
firet  chapter. 

'  On  the  Critical  ichool  of  phit- 
clogy,  and  the  wider  and  narrower 
eenie  in  which  the  ainu  and  metb- 
oda  of  tbe  acience  of  antiquity  were 
defined,  aee  Bunian, '  Qeaohichte  der 
cUuiacbea  Fhilologie  in  Deutach- 
land,'  Mtlncben  una  Leipiig,  1883, 
p.  see,  ftc  1  alio  0.  Ribbeck, '  Fried- 
rich  RitKh),'  Leipiig,  1879  and 
ISSO.  Further, theeesayaonBockh, 
E.  O.  HUller,  and  Georg  Curtiu*  in 
the  tiiird  TOlume  of  Emit  Curtiua, 


mowitz-Hiillendorf  in  Lena,  ' 
deutacben  UniTenitaten, '  vol.  i 
167,  Ac. 

'  Alexander  von  Humboldt  {1769- 
186S)  publiahed  in  1797,  shortly  after 
Oalvani'i  great  diacovery,  hia  '  Ver- 
Buche  iiber  die  gereizte  Muakel-und 
Mervenfaaer.'  In  the  hiitory  of  aci- 
ence  hia  name  will  live  ai  that  of 
the  man  nbo  organiaed  that  "  scien- 
tific conspiracy  of  nations  "  which  ia 
peculiar  lo  our  centuty,  and  with- 
out which  the  atudy  of  geography, 
meteorology,  aatronomy,  tbe  phe- 
nomena of  tidee  and  magnetic  dis- 
turbances—called by  him  magnetic 
atorma  —  oould  not  efl^UiaUy  be 
carried  on.  The  tact  ftlao  that  on 
bii  return  from  hia  (p*eat  tiBvela  be 
benme  next  to  Napoleon  Bona- 
parte the  moat  famous  man  in 
Europe,  did  more  than  anything 
else  to  ruse  the  natural  sciences  in 
the  popular  mind  to  that  eminence 
which  earlier  belonged  to  polite 
literature. 
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fore  he  left  Gennanj  for  the  extensive  travels  by  which 
he  became  celebrated,  and  through  which  he  founded  a 
new  science — the  science  that  deals  with  the  gec^;raphicsl 
distribution  of  plant  Hfe.  Moreover,  his  absence  from  his 
native  coontry  fell  within  that  period  during  which  Uie 
philosophical  school,  headed  by  Schelling  and  Hegel,  at- 
tained to  its  greatest  power.  He  was  never  drawn  into  its 
vortex ;  on  the  contrary,  he  maintained  a  lifelong  protest 
against  the  spirit  of  its  doctrine  at  a  time  when  the  circle 
which  surrounded  him  at  Berlin  came  under  its  powerful 
influence.'  He  led  a  long  line  of  ardent  young  workers 
both  to  the  right  sources  of  scientific  knowledge  and 
to  an  ultimate  victory  over  the  opposed  school  of 
thought.  Though  not  a  profound  mathematician  him- 
self, be  appreciated  the  part  which  mathematics  were 
destined  to  play  in  science.  Among  other  things,  he 
protected  and  encouraged  younger  mathematical  talents, 
and  tried  to  draw  Grauss  from  the  solitary  heights  which 
he  inhabited  into  the  midst  of  the  scientific  circles  of 
the  day.^      Then  there  was  the  great  influence  which 


iCf.p.l7a,Dot«l.  IthMlKtUHv 
become  the  fuhioD  to  u;  so  much 
Main  It  the  mtataken  methodi  of  the 
^atiirphiloiophU  Chat  it  is  well  to 
remember  how  muiy  men  of  fore- 
tnost  rank  in  the  natural  leieacei 
belonged  at  one  time  to  this  school 
or  were  influeDced  b;  it.  Foremoet 
of  all  stands  Oken  (1779-1861),  the 
founder  of  the  German  Association 
of  Science,  and  editor  of  the  peri- 
odical '  Isis.'  Further,  the  compara- 
tJTB  anatomist  Carui  (17SS-lSfle); 
Oerst«d  (1777-1851),  the  diMoverer 
of  electro-nagnetism ;  Kielmejrer, 
the  friend  of  Cuviar  (1766-1S44); 
Ignai  Ddllinger  (1770-1841),  one  of 


the  earlieat  evoluthmista ;  D.  Q. 
Kieser  (1779-1S62),  a  medical 
teacher  of  great  influence.  More 
or  leaa  influenced  bj  the  teachings 
of  this  school  were  Ooethe  (174S- 
1832) ;  Karl  Erilat  von  Baer  (1792- 
187fl),  whose  impartial  opinion  on 
the  yaturphiloiophit  as  mtI;  as 
1821  is  important.  Further,  Lie- 
big  (1803-73);  Johannea  Hiiller 
(1801-58) ;  R<i«:h!aub  (1768-1885) ; 
Schonlein  (1793-1864),  the  founder 
of  what  is  called  the  ' '  natural- 
history"  school  of  medicine. 

■  See  A.  von  Humboldt's  Life  by 
Bruhns,  translated  by  Laasell,  1878, 
vol.  ii.  p.  I4S  »qq. 
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Berzelius  exerted  on  German  science  through  his  teach- 
ing and  his  writings.  From  him  emanated  that  great 
perfection  of  the  purely  experimeA«I  methods  which 
in  his  own  hands,  as  well  as  in  those  of  Wohler,  Mit- 
Bcherlicb,  Magnus,  and  others,  led  to  an  accumulation 
of  detailed  knowledge  in  chemistry  of  unforeseen  im- 
portance and  magnitude.  His  own  annual  reports.  Is 
well  as  Gmelin's  celebrated  handbook  of  chemistry,  are 
monuments  of  this  unparalleled  industry. 

Others,  like  Liebig,  Johannes  Miiller,  Lucas  Schonlein, 
freed  themselves  under  the  influence  of  French  science,' 
or  by  their  own  deeper  insight,  from  the  sway  of  the 
false  and  misleading  philosophy  to  which  they  had  at 
one  time  listened.  A  third  section  started  from  philo- 
sophical premisses,  but  from  premisses  opposed  to  the 
doctrines  of  Schellii^  and  Hegel. 

The  school  of  Fries,*  in  which  Schleiden  was  the  most 


'  Engliih  science  had  an  import- 
tDt  but  ]eu  mu-k«d  influepce  on 
the  developmeat  of  mituralistic  and 
medical  studies  in  Germanj.  So 
far  a«  the  latter  eepedaU;  are  cod- 
cerned,  see  Billroth,  'Ueber  das 
Lehreo  und  Leroeii  der  medici- 
Diachea  WiMenacbaftAD  an  deD 
UniTerritdCen  der  deutechen  Na- 
tioD,'  Wien,  1876,  p.  S3.  He 
roughl;  dividea  the  medical  achools 
of  QermaD;  into  two  groups,  both 
deacending  from  Boerhaave  :  the 
one,  the  modem  Berlin  achool  of 
Hiiller,  Schonlein,  Romberg,  and 
Virchow,  through  Haller,  Reil, 
Bufeland,  and  Rijschlaub ;  the 
other,  the  modem  Vienna  school 
of  OppoUer,  Rokitansk;,  and  Bill- 
roth, through  Gerhard  von  Swiet- 
•D,  De  Haen,  StoU,  Frank,  Pur- 
kinje,  and  Skoda.  Of  French 
nninea  which  had  great  influence 


he  givsH  Broussaia,  Corvisart,  Bayle, 
Cruveilhier,  and  Laennec;  of  Eng- 
lish, John  Hunter,  Matthew  Bailie, 
and  Aatley  Cooper.  He  givM  alia 
the  name  of  Immanuel  Kant  as 
an  important  influence  in  the  de- 
velopment of  the  Gemun  schools  of 
medicine. 

°  Jacob  Fries  (1778-1843)  pro- 
fessor at  Heidelberv  and  Jena,  led 
the  critical  pbilosoph;  of  Kant  into 
the  channels  of  psychology  and  an- 
thropologf.  During  theheyda;  of 
transcendental  philosophy,  the  phil- 
osophy of  Fries,  like  that  of  the 
Scotch  school,  was  regarded  with 
contempt  by  Hsgel,  and  even  by 
H«rbsrt,  the  opponent  of  Hegel.  It 
succeeded,  however,  in  the  end  in 
influencing  a  considerable  number 
of  philosophical  minds,  who  carried 
philosophical  thought  into  the  in- 
ductive  Bciencee.      Besides  the  pa;> 
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illustriouB    name,  carried   ob   within    the   pale   of   the 
philosophical  achool  of  Bcieocfl  itself  a  suocessful  opposi- 
tion to  the  philosophy  of  Nature.'     But  whilst  much  good 
and  sound  work  was  done  hj  many  who  were  content 
to  remain  outside  of  the  favoured  studies  which  set  the 
tone  of  university  culture  during  the  classical  and  philo- 
sophical period  of  German  thought,  the  great   attack 
upon  the  mistaken  canons  of  the  philosophy  of  Nature       si. 
came   from    that    science   which   had  probably   sufTerea  "'Jj^^ 
more  than  any  other    under  the  baneful  iufluence  of  ■^""*- 
hollow  theories  and  empty  phraseolt^. 

Helmholtz  describes  the  despair  which  had  taken  hold 
of  thinking  minds  in  the  medical  profession  * :  "  My  edu- 
cation fell  within  a  period  of  the  development  of  medi- 
cine when  among  thinking  and  conscientious  minds  there 
reigned  perfect  despair.  It  was  not  difficult  to  under- 
stand that  the  older  and  mostly  theorising  methods  of 
treating  medical  subjects  had  become  absolutely  useless. 
But  with  the  theories  the  facts  which  underlay  them 
were  so  indissolubly  entangled  that  these  two  were  mostly 
cast  overboard.  How  the  science  must  be  newly  built  up 
the  example  of  the  other  natural  sciences  had  made  clear, 
hut  yet  the  new  task  stood  of  giant-height  before  us.  A 
beginning  was  hardly  made,  and  the  first  b^iunings  were 


cholnriit  Beneke  snd  the  theologUn 
De  Wetto,  these  were  principilly 
memben  of  the  Jeiut  school,  Apalt, 
Schlbmilch,  tnd  othen,  who  edited 
'  AbhftDdluDgeu  der  Friea'achen 
Scbule,'  Jena,  1817  ;  and  toremoet 
nmong  them  Schlenden,  the  reformer 
of  botan;  in  Qermaliy.     Scbleiden's 


It  opened  with  a  [diiloBOidiieal  ii 
VOL.  I. 


troduction  of  1S1  paftee,  in  which 
inductive  reaaooing  is  recommended 
in  oppoeition  at  once  to  the  Inme- 
cendental  JVa{i»7Ai{iMoliAu,  and  to 
dry  empiricism.  See  Sachs,  '  Qee- 
chichte  der  BoUuik,'  p.  20S,  kc 

'  See  Bchleiden,  'Schelling'*  und 
Hegel'a  Vert^tmsa  cur  Naturwit- 
■Goschaft,'  Leipaig,  IS44. 

^  See  Helmholts,  'Yortrage  und 
Reden,'  toL  i.  p.  SSI. 
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often  very  crude.  We  cannot  wonder  it  many  honest, 
seriouB,  thinking  men  then  turned  away  in  dissatiBfaotion 
from  medicine,  or  if  they  from  principle  embraced  an 
extreme  empiriciBm," '  "  But  the  right  kind  of  work 
brought  forth  its  fruits  much  sooner  than  many  had 
hoped.  The  introduction  of  mechanical  notions  into  the 
theories  of  circulation  and  respiration,  a  better  insight 
into  the  phenomena  of  heat,  the  moie  minutely  elabor- 
ated  physiology  of  the  nerves,  speedily  produced  practical 
resulte  of  the  greatest  importance ;  the  microscopical  ex- 
amination of  parasitic  tissues,  the  stupendous  development 
of  pathological  anatomy,  led  irresistibly  from  nebulous 
theories  to  real  facts."  And  again  * :  "  Whilst  in  the 
investigation  of  inorganic  nature  the  different  nations  of 
Europe  progressed  pretty  evenly,  the  recent  development 
of  physiology  and  medicine  belongs  pre-eminently  to 
Germany.     The  questions  r^arding  the  principle  of  life 


>  Cr.  Bdmholti,  ibid.,  vol.  iL 
u.  178,  in  his  discourse  "Ueber  das 
Denkan  in der Hodiciii " :  "Atth«t 
time  there  were  many  unong  the 
younger  docton  who,  ia  despair 
about  their  scienca,  gave  up  all 
therapeuttea,  and  took  to  empiri- 
dm,  mieh  as  waa  then  taught  by 
Rademaeher.  Thia  on  principle 
ngarded  at  vain  all  hope  of  sden- 
tinc  inatght."  Not  only  the  ex- 
treme empiriciam  of  Bademacher 
(1772-1860),  butRtill  mor«  the  wild 
theoriei  of  HahnenutiiD  (176G-1843) 
found  during  thii  ag«  of  general 
uuaettlemeDt  many  foUowen.  See 
on  the  origin,  the  principles,  and 
the  spread  of  homreopsthy.  Baser, 
*  OeachichU  der  Hadicin,'  vol.  ii.  p. 
703,  Ac  Haser  rives  the  yeau-  1S16 
M  the  date  at  Wbicb  Hahnemann'a 
doctrines  began  to  be  accepted  in 
wider  circles.      "It  murt  not  be 


forgotten  that  the  heyday  of  ho- 
mceopathy  fell  in  that  age  when 
medioine,  especially  in  Oermaoy, 
waa  in  a  very  deficient  state,  so 
that  the  accusations  nised  by 
Hahnemann  and  his  sdherents  did 
not  appesj'  quit«  unfounded.  It  is 
even  to  be  adnutt«d  that  hoDKEO- 
path;  has  oootributed  to  the  re- 
actjon  through  which  in  our  times 
the  regeneration  of  the  art  of  heal- 
ing haa  been  brought  about,  though 
this  would  have  taken  plaoe  with- 
outHahnemann"  (p.  803],  Homioo- 
pathy  has  no  scientific  represen- 
tative at  any  of  the  Oerman 
universities,  and  yet  it  is  admitted 
that  it  "still  enjoys  a  great  repu- 
tation in  some  inSuentJal  orcles 
among  the  general  public"  (Hirsch, 
'  Oesch.  d.  medicinischen  Wiisen- 
schaftan,'  p.  G70). 
'  Helmholta,  loe.  int.,  vol.  i.  p.  3S2. 
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are  closely  allied  to  p^chological  and  ethical  qneetions. 
To  statt  with,  here  alBo  that  untiring  industry  is  required 
which  applies  itsolf  to  pure  science  for  purely  ideal  pur- 
poses, without  immediate  prospects  of  practical  usefulness. 
And  indeed  we  may  glory  in  the  fact  that  in  this  Grennan 
scholars  have  always  distinguished  themselves  by  their 
enthusiastic  and  self-renouncing  diligence,  which  labours 
for  inner  satisfaction  and  not  for  outer  success." 

This  habit  of  self-renouncing  labour,  of  siuglenees  of  u. 
pnrpoee — in  short,  the  ideal  of  pure  science  and  ita  pur-  luownsoa. 
suit — had  been  elaborated  in  many  a  secluded  workshop 
of  a  retired  German  university  mainly  under  the  influence 
of  the  classical  and  philosophical  studies  of  the  end  of 
the  last  and  the  b^inning  of  the  present  century.  It  was 
held  up  high  and  conspicuous  by  the  priests  of  humanity, 
beginning  with  Leesing,  Herder,  and  Kant,  and  ending  in 
Schleiermacher,  Hermann,  and  Bockh,  at  the  head,  of  a 
great  army  of  devoted  followers,  travelliBg  through  the 
wilderness  of  national  depression,  barbarism,  and  despair 
into  the  promised  land  of  freedom,  culture,  and  hope. 
Such  an  ideal  is  of  priceless  worth,  and  it  is  this  ideal 
which  the  philosophical  and  classical  school  of  thought 
bequeathed  during  the  first  half  of  the  century  to  that 
new  school  of  thinkers  which  was  destined  to  study,  in 
an  equally  patient  and  unselfish  spirit,  the  seemingly  less 
elevated,  but  not  less  mysterious  and  fascinating,  prob- 
lems of  Xature.  Truly  Gauss,  Weber,  and  Johannes 
Miiller  worthily  headed  the  new  army  of  labourers. 

But  though  the  elevated  spirit  in  which  scientific  work  BaqoSiof 
is  carried  on  may  be  the  most  valuable  bequest  of  the  ^'^SS^ 
classical  and  philosophical  to  the  exact  and  empirical  !X>di. 
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Bchool,  there  were  certcuu  more  tangible  characteriBtics 
of  Geiman  research,  which  were  carried  over  from  the 
older  to  the  modem  type  of  thoi^ht  It  will  be  useful 
to  defice  these  more  clearly. 

In  the  course  of  the  second  half  of  the  eighteenth 
century  Gennan  literature  and  German  philosophy  had 
started  from  the  beginnings  laid  by  other  nations,  and 
after  mastering  and  appropriating  their  achievements, 
had  set  out  for  a  new  course  and  a  higher  flight.  Milton 
and  Shakespeare  *  in  epic  and  dramatic  poetry ;  Ossian, 
the  Percy  Ballads,  and  Bums  in  song  and  lyric ;  Gibbon 
in  history ;  Joseph  Scaliger  and  Bentley  in  philology ; 
Locke,  Hume,  and  Spinoza  in  philosophy ;  Rousaeau  in 
prose, — all  these  great  names  of  a  later  or  earlier  past 
had  become  familiar  watchwords  to  Gennan  poets  or 
students — to  Lessing,  Herder,  and  Goethe,  to  Schl^el, 
F.  A.  Wolf,  and  Wilhelm  von  Humboldt,  to  Booth,  Her- 
mann, and  Niebuhr,  to  Kant,  Fichte,  and  Jacobi,  before 
they  came  forward  with  their  own  creations.  The  same 
cosmopolitan  spirit  of  looking  elsewhere  and  everywhere 
for  beginnings,  and  for  co-operation  in  the  united  work 
of  learning ;  the  same  historical  taste,  the  same  desire  to 
glean  from  all  quarters, — characterised  the  early  decades 
of  the  revival  of  German  science.  Hence  the  many 
pericMiicals  and  annual  reports ;  hence  the  fact  that  the 

Oermui  readen  only  through 
Qoethe  and  SchleftGl.  Similarly 
the  reaction  agaioBt  the  school  of 
Leibniz  and  Wolff  in  philosophy 
began  with  Kaut'i  reply  to  Hume's 
sceptical  philosophy,  whereas  tha 
study  uf  Spiaoui  influenced  Eant'i 
followen  and  opponents,  Jacobi, 
Fichte,  and  Schelliug. 


'  These  names  are  not  given  as 
they  follow  in  time,  but  as  they 
followed  in  their  influence  on  Qer- 
man  thought  and  literature.  Thus 
the  early  rapreeentatives  of  the 
Oenoan  nTivil  were  influenced  by 
Milton  aod  Pope  more  than  by  the 
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nation  which  requiies  them  least  ^  poeeeeses  the  ™*>b'' /,__^^ 
and  the  beat  translations  of  foreign  authors.     But  the  3S5<^. 
quality  of  greatest  value  ,for  science  which  springs  from  ^^'*' 
the  cosmopolitan  and  historical  spirit  is  that  of  complete- 
ness and  thoroughness  of  research. 

Secondly,  the  German  man  of  science  was  not  only 
thorough,  but  was  as  little  aa  the  Giennan  philosopher 
or  classicist  had  been,  an  isolated  thinker.  He  was 
neither  the  member  of  an  academy  only,  nor  a  solitary 
genius  reduced  to  the  resources  of  his  own  study.  He 
lived  mostly  at  a  university,  surrounded  by  others,  whose 
labours  came  in  contact  with  his  own,  or  who  treated  the 
same  subject  from  a  different  point  of  view.  He  had  thus 
to  define  the  limits  of  his  science,  and  to  see  that  no  part 
of  the  common  field  was  left  uncultivated  and  unexplored. 
His  object  could  not  be  to  produce  simply  a  work  of  indi- 
vidual greatness  or  of  finished  artistic  merit ;  his  work 
was  an  int^ral  portion  of  the  one  great  science;    bis 

Qermsii,  heiamaUrs  baviDg  becoiiM 
domiciled  in  Gl«rm>n;  through  Von 
■Dd  Goethe,  the  A1c«ic  and  Sapphic 
metres  through  Klopetook  end  Bor- 
der, the  mora  compUcktod  at*iiEM 
through  Plateu,  and  above  all 
through  DonDer'i  eicelleut  ren- 
dering! of  the  Greek  dniniatiita. 
Riiokert  excelled  in  the  imitation 
and  reproductioD  of  Peiaiai),  Indian, 
and  Arabic  poelrj.  and  through  him 
and  Friadrich  Bodenitedt  Oerman 
Uteratura  haa  been  enriched  by 
many  linea  of  which  it  would  be 
difficult  to  my  whether  their  borne 
w»«  in  Germany  or  in  the  far  Eaat, 
BO  perfectly  ia  Uie  apiiit  and  dic- 
tion reproduced.  The  well-lmown 
'  Weiiheit  dea  Brahmanen '  of 
RUckert,  and  Bodenatedt'a  'Him 
SchaSy'  areexamplea. 


Bngliah  I 


'  Tbia  muat  not 
elood.  A  knowledge  of  the 
pieoca  of  foreign  literature  was  aa 
neceanr?  to  Uie  derelapment  of 
the  Oerman  mind  aa  it  la  to  that 
of  any  other  nation ;  it  waa  and 
ii  more  complete  thera  than  in  any 
other  oounljy  :  what  I  mean  ia, 
■a  a  knowledge  of  French  and 
■h  haa  been  for  a  long  time 
nunon  among  tiie  educated 
daaaaa  in  Germaay,  tranalationa  are 
more  eaaily  diipenaed  with  there 
than  in  other  oountriea.  In  apite 
of  that,  GBrmaa  literature  abounda 
in  eioeUent  tranalationa  of  the 
elaaaica  of  Fruice  and  England 
both  in  general  literature  and  in 
Bcience.  It  ia  also  interecting  to 
note  that  no  modem  language 
haa  aucceeded  lo  well  in  imitating 
fivmgn  and  daaaical  metree  aa  .the 
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labours  had  to  fit  in  with  the  general  plan,  to  find  a 
place  in  the  one  great  edifice. 

Thirdly,  the  Genoan  man  of  science  was  a  teacher ;  he 
had  to  communicate  his  ideas  to  younger  minds,  to  make 
the  principlee  and  methods  of  research  dear,  to  guarantee, 
in  his  course  of  lectures,  something  like  completeness, 
to  give  a  comprehensive  survey ;  not  to  teach  "  une 
science  faite,"  hut  to  drav  out  or^;;inal  talent  in  others, 
to  encoun^  co-operation  in  research,  to  portion  out  Che 
common  work  to  the  talents  which  surrounded  him,  or  it 
might  be  to  direct  the  flight  of  the  aspiring  genius.^ 

more  the  can  in  tha  philological 
Kminariea  and  locietiea  which 
during  th«  nineteenth  century 
hsTS  been  conducted  by  0.  H«r- 
mami,  Fr.  Thierach,  Fr.  KitnU,  and 
otbert :  they  were  nunenea  of 
philologiiU,  not  of  teachsra.  And 
the  tame  may  be  aaid  of  the  num- 
erous Mminariee  which  in  modern 
timea  have  grown  up  in  the  other 
■oiencee  within  the  philoaophical 
faculty,  and  also  in  the  faculties 
of  theology  and  law  :  they  set  up 
M  their  aim — with  few  eiceptiona 
— the  training  for  adentiGo  work 
and  reaeareh,  not  the  utiliiatJon  of 
knowledge  for  a  practictl  purpose  " 
(Paulsen  in  Lexis,  'Die  deutscheo 
Univerataten,'  vol.  i.  p.  74,  *o.) 
The  same  idea  was  in  th«  mind  of 
Liebig  when  bt  started  the  first 
chemical  laboratory  at  Oieasen  (see 
ntpra,  p.  1SB,  note).  The  enoy- 
clopgedic  treatmnit  of  eTery  large 
subject  in  a  special  course  of  lec- 
ture! artanged  for  this  purpose 
had  the  object  of  preventing  the 
different  studies  from  falling 
iltirofttelj  failing 


*  Here  the  two  main  ohjecta  of 
academic  teaohing  are  to  impart 
a  knowledg*  of  th«  right  meUiod 
hi  the  special  scienoe,  and  to  give 
a  surrey  of  the  whole  domain 
<if  the  Mieoce.  The  two  priooipal 
inititutions  by  which  these  ob. 
jects  are  attuned  were  first  set 
going  in  the  classical  branches  of 
study,  and  may  be  defined  by  two 
ternu — the  "  seminary  "  and  the 
lecture  on  "  encyclopiEdia. "  Both 
terms  are  taken  from  earlier  insti- 
tutions. The  Mminar;  was  origin- 
all;  a  trunins  -  school  for  prieeta 
or  teachers.  Under  such  masters 
of  methodical  research  as  F.  A. 
Wolf  and  Qottfried  Hermann,  the 
institution  acquired  a  different 
charaoter.  "The  seminaries  are 
the  real  nurseries  of  scientific 
research.  Thsj  were  founded,  in- 
deed, with  a  different  object ;  the 
first  seminaries,  the  philological 
seminaries,  which  were  st«rted 
during  the  last  centuir  at  Halle 
and  OQtiJngen,  were  or  should  have 
been  pedagogic  seminaries  for  the 
future  masters  in  the  learned 
schools.  In  reali^  they  were — 
eapsciall;  that  of  F.  A.  WoU— 
in  the  first  plaos  institutions  in 
which  the  art  of  philological  re- 
search was  tai^L      Thia  is  even 


in  the  realisation  of  o 


a  like  Wolf,   Her- 
nd  Ritachl,  amcng 
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Lastly,  the  German  man  of  science  was  a  philoBopher.        k. 

ComMni- 

Whatever  his  aversion  might  be  to  special  philosophical  «™^ 


some  philosophical  school,  the  teaching  of  which  he  desired 
either  to  uphold  or  to  combat.  Sooner  or  later,  con- 
sciously or  unconsciously,  he  had  to  make  clear  to  him- 
self and  to  his  disciples  the  underlying  principles  which 
he  thought  the  right  ones,  to  defend  them  against  attacks 
from  othets,  or  to  modify  them,  as  prf^reesing  research 
made  it  necessary.  If  the  historical  sciences  had  bene- 
fited most  by  the  philosophy  of  Sohelling  and  H^el, 
which  attempted  to  give  new  and  constructive  views 
on  the  intellectual  and  ethical  manifestations  of  the 
human  or  the  general  soul,  the  mathematical  and  phy- 


whow  fiiTourito  lecturw  were  those 
on  "  encyclopcedia "  of  philology- 
Something  nmilar  eiuted,  and 
eiiite  atill,  in  theology,  law,  and 
what  are  called  "  Staatimum- 
lehajien."  Al\  tbwe  termi  are 
iuppoaed  to  embrace  a  variety  of 
■tuoiea  which  ar«  organically  oom- 
bioed  in  one  whole,  forming  a  cycle. 
In  phUoBophy  proper  Hegel,  and 
later  Lotze,  delivered  well-known 
aod  largely  attended  leoturea  under 
the  dtia  of  Encycloptedia.  Thie  ia 
a  remoaot  of  the  encyclopiedic  or 
organic  treatment  at  knowledge 
■ketched  out  by  Bacon,  and  pro- 
poaed  aa  a  bails  tor  their  celebrated 
(fork  by  Diderot  and  D'Alembert 
(aee  anle,  p.  SE  and  note).  The 
encycloptodia,  u  ■  learned  diction- 
ary, we  have  eeen,  baa  since  become 
merely  a  aynopau.  How  different 
from  this  wse  the  truly  encyclo- 
Medio  treatment  given  by  men  like 
Bockh  can  be  wen  from  hia  cor- 
reepondenoe  vrith  K.  0.  Holler, 
where  he  acolda  Ua  youngw  friend 
lor  UDdartaking  to  write  &»  article 


"Topography  of  Athena  "for  "auch 
a  ciined  publication  aa  an  encydo- 
piedia,"  whereaa  he  himaelf  waa 
r^^hvly  lecturing  on  "encyclo- 
pedia of  philology,"  in  which  ha 
took  in  eameat  wo  idea  of  clasai- 
eol  philology  •■  "the  hiatorical 
Boience  of  the  life  of  the  ancient 
peopUe"  (aee  Cu^tiul^  "Altorthum 
und  Oegenwart,'  voL  iii.  p.  IBS,  ka.) 
Now  although  the  exact  adeneea 
when  they  became  domiciled  in  the 
Gorman  imiveraities  did  not  in 
general  cop;  tbia  Institution,  ^et 
the  historical  and  philoeophical 
survey,  giving  method  and  unity 
to  a  large  circle  of  atudiea,  haa  beea 
upheld  by  many  among  the  tore- 
moat  men  of  science,  especially  in 
the  medical  faculty.  Of  tbeee  I 
only  mention  Joh.  Htiltor  (aee  Du 
Bois-Reymond,  '  Redeu,'  voL  ii.  pp. 
19G,  279)  and  hia  pupil  and  follower 
Jacob  Henle,  who  m  hia  leotnna 
on  antbropologv  took  a  phtlcaophi- 
cal  anrvey  of  the  whole  aubjeot  of 
the  medicd  atudiee  {see  'Jacob. 
Henle'  by  Hwkel,  p.  271,  kc) 
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sical  scieaces  have  been  most  affected  by  the  spirit  of 
Kant's  philosophy,  which  has  ineradicably  engrained  in 
the  German  mind  the  necessity  of  a  criticism  of  the 
principles  of  knowledge.  Ever  and  anon  some  of  the 
most  brilliant  intellects  in  mathematics  and  science  have 
reverted  to  the  same  problems, -and,  on  the  whole,  they 
have  confirmed  the  position  taken  up  by  Kant  a  cen- 
tury (^. 

It  was  thus  under  the  influence  of  the  exact  methods 
of  experiment  and  calculation  taught  by  the  great  French 
school  in  the  beginning  of  the  century,  and  at  the  same 
time  through  the  philosophical  spirit  peculiar  to  German 
science,  that  in  the  middle  of  the  century  the  different 
sciences  which  deal  with  the  phenomena  of  life  and  con- 
sciousness were  remodelled.  The  great  science  of  biology, 
based  upon  mechanical  principles,  was  thus  created,  and 
the  results  gained  in  it  brilliantly  applied  to  the  reorgan- 
isation of  the  medical  profession.  But  this  great  reform 
does  not  belong  exclusively  to  one  great  name ;  it  is  the 
work  of  a  long  line  of  thinkers :  nor  can  I  conceive  that 
the  exclusive  employment  of  the  methods  of  exact  re- 
search would  have  so  effectually  brought  it  about,  unaided 
by  the  philosophical,  historical,  and  critical  spirit  which 
formed  the  peculiar  characteristic  of  German  thought 
before  the  exact  methods  had  been  generally  introduced. 
And  just  because  this  reform  required  to  be  effected  from 
so  many  different  beginnings,  and  gradually  elaborated 
and  defended  before  it  became  firmly  established,  do  the 
modem  sciences  of  physiology  and  pathology  deserve  to 
be  termed  pre-eminently  German  sciences ;  for  no  other 
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countiy  posaeseed  the  neoeesary  conditiona  and  extensive 
oi^anisations.  the  habits  of  combined  atudy  and  patient 
co-operation,  the  large  views  and  the  high  aims,  which 
had  been  acquired  at  the  German  universities  under  the 
guidance  of  the  Grerman  ideal  of  WisteTisehafi,  and  under 
the  sway  of  the  philosophical  and  classical  spirit. 

A  great  authority,'  who  as  much  aa  any  one  represents 
the  modem  as  distinguished  from  the  earlier  viewa  in 
biological  science,  reviewing  the  ditTerent  fancies  which 
have  brought  about  the  great  change,  speaks  thus.  He 
is  referring  bo  Johannes  Miiller,  the  father  of  modem  m. 
physiology.  "  The  modem  physiological  school,"  he  says,  Be^^ 
"  with  Schwann  at  its  head,  has  drawn  the  conclusions  for 
which  Miiller  had  furnished  the  premises.  It  has  herein 
been  essentially  aided  by  three  achievements  which  Miiller 
witnessed  at  an  age  when  deeply-seated  convictions  are 
not  easily  abandoned.  I  mean,  first  of  all,  Schleiden  and 
Schwann's  discovery,  that  bodies  of  both  animals  and 
plante  are  composed  of  structures  which  develop  inde- 
pendently, though  according  to  a  common  principle.  This 
conception  dispelled  from  the  r^on  of  plant-life  the  idea 
of  a  governing  entelechy,  as  Miiller  conceived  it,  and 
pointed  from  afar  to  the  possibility  of  an  explanation  of 
these  processes  by  means  of  the  general  properties  of 
matter.  I  refer,  secondly,  to  the  more  intimate  know- 
ledge of  the  action  of  nerves  and  muscles,  which  b^an 
with  Schwann's  researches,  in  which  he  showed  how  the 
force  of  the  muscle  changes  with  its  contraction.  In- 
vestigations which  were  carried  on  with  all  the  resources 
>  8m  Du  Boit-RvjmoDd,  'Bades,*  vol.  u.  p.  310,  &c 
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of  modem  physics  regarding  the  pheDomena  of  animal 
movements,  gradually  subetltuted  for  the  miracles  of 
the  '  vital  forces '  a  molecular  mechanism,  complicated, 
indeed,  and  likely  to  baffle  our  efforts  for  a  long  time  to 
come,  but  intelligible,  nevertheless,  aa  a  mechanism.  The 
third  achievement  to  which  I  refer  is  the  revival  among 
us  by  Helmholtz  and  Mayer  of  the  doctrine  of  the  con- 
servation of  force.  This  cleared  up  the  conception  of 
force  in  general,  and  in  particular  supplied  the  key  to  a 
knowledge  of  the  change  of  matter  in  plants  and  animals. 
By  this  an  insight  was  gained  into  the  truth  that  .the 
power  with  which  we  move  our  own  limbs  (as  George 
Stephenson  did  those  of  his  locomotive)  is  nothing  more 
than  sunlight  transformed  in  the  organism  of  the  plant : 
that  the  highly  oxygenated  excrements  of  the  animal 
oi^anism  produce  this  force  during  their  combustion,  and 
along  with  it  the  animal  warmth,  the  irvtvfui  of  the 
gg.  ancients.  In  the  dayl^ht  which  through  such  know- 
t»r«~abtD-  ledge  penetrated  into  the  chemical  mechanism  of  plants 
and  animals,  the  pale  spectre  of  a  vital  force  could  no 
more  be  seen.  Liebig,  indeed,  who  himself  stood  np  so 
firmly  for  the  chemical  origin  of  animal  heat  and  motive 
power,  still  retains  an  accompanying  vital  force.  But 
this  contradiction  is  probably  to  be  traced  to  the  cir> 
cumstance  that  the  celebrated  chemist  came  late,  and  as 
it  were  from  outside,  to  the  study  of  the  phenomena  of 
life.  And  even  Wohler  still  believes  in  a  vital  force,  he 
who  in  his  time  did  more  than  any  one  to  disturb  the 
vitaUstic  hypothesis  through  his  artificial  production  of 
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It  waa  a  process  of  critical  sifting  similar  to  that  which 
Kant '  applied  to  our  general  metaphTsical  ideas,  which 
ia  the  middle  of  the  century,  throi^h  the  writings  of 
BerzeliuB  and  Liebig,  of  Schwann  and  Schleiden,  of  Henle, 
liOtze,  and  Du  Bois  -  Beymond,  gradually  dispelled  the 
older  confused  notions,  and  firmly  established  the  mech-  m 
anical  view  in  the  study  of  the  phenomena  of  life.  But  Mew  in 
as  we  are  forced  to  rect^nise  the  substance  of  much  of 
Eant's  philosophical  criticism  in  the  lucid  expositions 
of  Locke  and  Hume  before  him,  so  it  has  been  pointed 
out  that  the  words  of  the  eminent  French  physiologist, 
Vicq-d'Azyr,  contain  the  substance  of  the  more  modem 
ideas  on  life.*     It  required  the  co-operation  of  the  exact 


M  hu  been 


'  Th«  I 

loDga  to  I 
of  modem  German 
frequently  dwelt  on.  In  more  re- 
sent timea  ■ome  of  the  fint  repre- 
eentativea  of  the  medical  and  bio- 
logioul  Kcienoee  have  dealt  with  the 
■ubjeet,  uid  the  appo«ition  which 
titty  jsara  Kgo  origiDnted  in  the  ex- 
trangMiCM  of  eonie  of  Kuit'i  (uo- 
oeason,  hu  given  vra;  to  a  renewed 
reeognitioD  of  the  juat  cUimi  of 
Ktmt.  We  may  refer  to  Du  Boii- 
Ttnmond,  who,  forgetting  Lotia, 
oftlu  E«Qt  the  lul  phUoaopher  who 
took  a  put  in  the  work  of  the 
naturaliat  (' Reden,'  vol.  L  p.  33); 
to  Helmholts,  who  in  man;  pasugea 
of  his  popular  addreuea  refers  to 
the  merita  of  Kant  ('  Vortriige  uod 
Bedeo,'  18S1,  vol.  i.  pp.  44,  33S  ;  ii. 
68,  227,  231,  24S,  Ac.) ;  to  Heeaer 
('Oeacbichte  der  Medidn,'  vol  ii. 
p.  811).  I  will  add  to  theM  the 
oiODion  of  ao  great  an  authority  as 
Prot  Billroth  of  Vienna,  who,  aparit- 
ii^  of  the  two  modem  ichooli  of 
medicine  in  Qermany.aaya  ('Lehren 


Wid- 

•enachaften,'  kc.,  p.  334);  "How- 
ever great  the  degree  of  independ- 
ence may  be  which  the  two  peu-allel 
achoola  have  attained,  the;  would 
hardly  have  developed  ao  rapidly 
without  the  powerful  influenoe 
wbioh  came  from  France  and  in  a 
leaser  degree  from  Euglaod ;  nor  yet 
without  that  of  Immanoel  Kajit. 
who  in  hia  '  AutopfayBiology  of 
Baaaon '  anlishtened  Qerman  minda 
regarding  their  own  aelvee,  and 
who  with  his  lively  imagination  fer- 
vently embraced  natural  scienoe." 

'  The  remarkable  paaiage  re- 
ferred to  ia  quoted  by  Du  Boia- 
Reymond  (' Reden,' vol.  ii.  p.  27): 
"  Qufllqu'  itonnantea  qu'ellea  noua 
paraiaaent,  oea  fonctiona  (vii.,  dana 
lea  corpa  oi^anis^}  na  sont-ellee 
pai  dea  <^ta  phyaiquea  plua  ou 
moina  compoeda,  dont  nous  devona 
examiner  la  nature  par  tons  lea 
moyens  que  noua  fonrnisMnt  I'ob- 
aarratioD  at  I'sipMenoe,  at  non 
leur  auppoaer  dea  principea  aur 
laaquala  1  aaprit  se  repoae,  et  erwt 
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spirit  of  research  with  the  critical  methoda  acquired  in 
the  school  of  philoeophy,  and  the  exhaustive  survey  of 
a  laige  array  of  facts  acquired  through  historical  and 
classical  studies,  before  the  significance  of  this  brilliant 
aptT^  became  evident ;  before  the  underlying  ideas  could 
become  useful  guides  of  research  and  pn^resB.  "  Tantse 
molis  erat  Romanam  condere  geutem." 

Though  the  reform  of  the  biological  ^  sciences,  and  their 
apphcation  to  pathological  inquiries,  are  probably  the 
greatest  achievement  which  the  methods  of  exact  re- 
search, in  conjunction  with  the  philosophical  spirit,  can 
boast  of  in  Germany  in  the  century,   the  same   habit 


Avoir  tout  fait  loraqu'il  lu{  rMle 
tout  ll  foire."  This  wu  uid  at 
the  end  of  the  lut  oentury,  and 
fifty  yeara  Uter  Du  Boia-Raymond 
(too.  etf. )  could  complain  that  the 
truth  couUined  in  theaa  words  wu 
not  yet  genendly  admitted,  in  spite 
of  the  labours  of  Berseliui,  Schwann, 
Scbleiden,  and  Latze.  Compare 
also  A.  voD  Humboldt'a  own  oon- 
fesaioni  on  thii  point  in  hia  '  An- 
•lohtaa  der  Natur,'  voL  U.  p.  309, 
fcc ,  edition  of  184G. 

'  I  must  remind  the  reader  here 
that  though  I  uoe  the  word  biolo- 
gical M  denoting  the  mare  recent 
point  of  view  from  which  all  pheno- 
mena of  the  living  world  are  being 
grouped  and  comprehended,  and 
though  the  word  eeems  to  have 
been  flnt  used  by  a  Oerman,  never- 
theless the  arrangement  of  studies 
at  the  (German  univerutiea  has 
hardly  yet  recognised  the  esaen- 
tiol  uoitj  of  all  biological  eoiences. 
They  are  unfortunately  still  divided 
between  the  philosophical  and  the 
medical  faculties.  It  is  indeed  an 
anomaly,  hardly  consiitent  with 
the  philosophical  and  encyclDpeodic 


character  of  Oerman  research,  that 
palaeontology,  botany,  zoology,  and 
antbropology  should  belong  to  the 
philosophical,  whereas  anatomy, 
physiolt^,  aud  pathology  are 
placed  ID  the  medical  faculty. 
Eminent  biologiata  and  anthropo- 
logista,  such  as  Schleiden,  Lotce, 
Helmholti,  and  Wundt,  have  ao- 
cordinglr  belonged  to  both  facul- 
ties. To  place  biological  etudiea 
on  the  right  footing  would  re- 
quire a  mind  similar  to  that  of 
F.  A.  Wolf,  who  evolved  out  of 
the  vaguer  idea  of  humimiom  the 
clearer  notion  of  a  "sdence  of  an- 
tiquity," and  who  accordingly  was 
able  to  convert  the  training-school 
of  teachers,  the  aeminarj,  into  a 
nursery  of  itudenta  o(  antiquity. 
Whether  a  similar  reform  in  tiie 
purely  sdentific  intereetd  of  the 
"sci«nc«  of  life,"  which  is  now 
mostly  cultivated  for  the  benefit 
of  the  medical  practitioner,  cmi  be 
eSHted  in  this  age,  when  practical 
aioie  are  gradually  taking  the  place 
of  scieutule  idcM,  is  another  qnes- 
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of  thought  has  sbown  itself  in  other  fields  of  research, 
and  led  to  similar  innovations.  I  will  here  only  mention 
one  other  line  of  inquiry,  where  neither  exact  nor  meta- 
physical reasoning  alone  suffices,  but  where  a  combination 
of  both  is  essontial.  I  mean  the  gradual  change  which,  41. 
mainly  through  the  writings  of  Giennan  mathematicians,  ^^^ 
has  come  over  our  fundamental  conceptions  in  the  region  "n*""- 
of  geometry,  algebra,  and  the  theory  of  numbers.  This 
subject  belongs  bo  essentially  to  the  domain  of  pure 
thought  that  a  history  of  thought  seems  specially  called 
upon  to  take  notice  of  it.  Accordingly  I  intend  to  devote 
a  special  chapter  to  it.  At  present  it  interests  us  mainly 
because  it  is  an  outcome  of  that  peculiar  modification 
which  the  exact  or  scientific  spirit  of  thought  underwent 
when,  introduced  by  French  and  English  models,  it  came 
in  contact  with  the  philosophical  and  classical  ideal  of 
learning  in  Germany.  I  will  repeat  more  clearly  and 
concisely  what  I  mean.  The  exact  methods  of  thought, 
mainly  elaborated  in  France,  and  there  largely  applied, 
give  to  science  its  accuracy  and  definiteness.  In  spite 
of  this  accuracy  and  definiteness,  it  is  not  immediately 
clear  whether  they  will  lead  to  completeness  of  know- 
ledge, or  whether  they  may  not  be  misapplied.  To 
guarantee  completeness,  to  make  sure  that  in  the  whole 
great  field  no  portion  has  remained  untouched  and  un- 
explored, that  love  of  detail,  that  searching  and  explor- 
ing spirit,  is  required  which  is  nursed  pre-eminently 
by  historical  and  classical  studies.  And  to  avoid  the 
abuse  of  existing  methods,  there  is  further  required  that 
critical  spirit  which  inquires  into  the  value  of  principles 
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and  the  limit  of  their  nsef  ulne^.  These  three  directions 
of  thought  mark  three  tolerabl}^  distioct  attitudes  of  the 
human  mind.  Skill  in  inventing  and  in  applying  new 
4S.  and  precise  methods — the  exact  habit  or  attitude  of 
"'tlSdtto  ''^**"6*i'';  ''^^^  "f  detail,  and  the  desire  for  complete  and 
hiwu'of  exhaustive  knowledge — the  historical  habit  or  attitude  of 
''■""^^  thought ;  lastly,  the  desire  to  become  fully  alive  to  the 
value  of  existing  methods  or  principles,  which  implies  a 
consciousness  of  the  limited  nature  of  one  and  every 
principle — the  critical  habit  or  attitude  of  thought.  The 
pr<^reBB  of  mathematics  and  natural  science  depends  pri- 
marily oa  the  first ;  classical  studies  depend  on  the  second ; 
philc^ophical  reasoning  mainly  on  the  last  Each  of  the 
three  nations  which  have  led  human  progress  and  thought 
during  the  past  centuries  has  probably  been  possessed 
of  these  three  cardinal  virtues  in  equal  proportions.  For 
though  Newton  stands  pre-eminent  in  the  first,  we  have 
Laplace  and  Gauss  and  their  numerous  followers  in  other 
countries ;  though  the  great  volume  of  clasaical  learning 
and  criticism  has  emanated  from  the  schools  of  Wolf, 
Hermann,  and  Bockh,  they  themselves  point  back  to 
Bentley  and  Joseph  Scaliger ;  and  even  Kant's  imrivalled 
enterprise  was  prepared  by  Hume,  and  dates  back  to 
Descartes.  There  need,  therefore,  be  no  angry  rivalry  or 
carping  jealousy.  We  may  point  to  the  remarkably  equal 
contributions  of  the  three  nations  to  the  general  progress 
of  thoi^ht  But  a  very  different  and  truly  Intimate 
interest  prompts  us  to  note  how  in  the  great  performances 
of  each  nation,  in  the  literature  of  each  of  the  three  lan- 
guages, different  factors  have  been  at  work— different 
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agencies  have  combined  to  produce  tiie  effect.  In  this 
legard  the  spectacles  presented  by  French,  German,  and 
English  thought  differ.  And  there  seems  to  me  little 
doubt  that, during  a  considerable  portion  of  this  century 
the  German  universities,  grown  out  of  theological,  legal, 
and  medical  studies,  and  widening  gradually  till  they 
embraced  and  deepened  all  three  by  the  philosophical, 
the  classical,  and  the  exact  spirit  of  research,  present  that 
organisation  in  which  the  different  elements  of  thought 
are  most  equally  balanced,  through  which  modem  know- 
ledge  and  the  scientific  spirit  have  been  most  widely 
and  successfully  diffused,  and  that  the  German  ideal  of       «. 

ComblnBd  in 

WttseTiaaiaft  embraces  at  once  the  highest  aims  of  the  [Jj^^!^ 
exact,   the   historical,   and    the    philosophical    lines    of  •™**vt- 
thought. 

Nor  would  it  be  right  to  pass  from  the  consideration  of 
this  peculiar  feature  of  nineteenth-centnry  thought,  which 
is  &n  outcome  of  the  German  universi^  system,  without 
noticing  the  moral  significance  which  this  ideal  of  Wis- 


than  the  lasting  discoveries  in  science  which  it  has  made, 
or  the  monuments  of  learning  which  it  has  reared.  It  is 
not  the  political  side  of  this  movement  which  I  refer  to, 
not  even  pre-eminently  the  educational,  though  these  are 
interesting  and  important  enough  to  demand  special  his- 
torical treatment.  What  I  should  like  to  point  to  as  the 
greatest  in  this  movement  is,  that  it  belongs  to  the  few 
and  rare  instances  in  the  history  of  mankind  when  we 
see  a  lai^  number  of  the  most  highly  gifted  members  of 
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a  nation  foUoynng  a  purely  ideal  cause,  apart  from  the 
inducements  which  gain  or  glory  may  furnish.  The  pur- 
Buit  of  truth  and  the  acquisition  of  knowledge  for  its  own 
sake,  as  an  ennobling  and  worthy  occupation,  has  during 
a  large  portion  of  our  century  been  the  life-work  of  pro- 
fessors and  students  alike  in  the  German  universities. 
In  the  biographies  of  many  of  them  we  meet  with  that 
self-denial  and  elevation  of  spirit  which  is  the  true  char- 
acteristic of  every  unselfish  human  efTort.  In  perusing 
these  records  of  high  aspirations,  arising  frequently  amid 
disheartening  surroundings,  these  stories  of  privations 
cheerfully  endured,  of  devotion  to  an  ideal  cause,  glow- 
ing with  all  the  fervour  of  a  religious  duty,  we  gain  a 
similar  impression  to  that  which  the  contemplation  of  the 
Classical  period  of  G-reek  art  or  the  early  Senaissanoe 
produces  on  our  mind. 

Once  at  least  has  science,  the  pursuit  of  pure  truth  and 
knowledge,  been  able  to  raise  a  large  portion  of  mankind 
out  of  the  lower  region  of  earthly  existence  into  an  ideal 
atmosphere,  and  to  furnish  an  additional  proof  of  the 
belief  that  there,  and  not  here  below,  lies  our  true  home. 
We  may  perhaps  have  to  admit  with  regret  that  this 
phase  is  passing  away  under  the  influence  of  the  utili- 
tarian demands  of  the  present  day ;  we  may  be  forced  to 
think  that  another — and,  we  trust,  not  a  lower — ideal  is 
held  up  before  our  eyes  for  this  and  the  coming  ^e. 
But  no  really  unselfish  effort  can  perish,  and  whatever  the 
duty  of  the  future  may  be,  it  will  have  to  count  among 
the  greatest  bequests  of  the  immediate  past  that  high 
and  broad  ideal  of  science  which  the  life  of  the  Ger- 
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man  uuivemties  has  traced  in  clear  and  indestnictible 
outlinea.* 


'  The  toatiraotUM  hy  illiutrioua 
foreignen  to  the  great  work  of  the 
OermsD  uruTenities  are  frequent 
and  well  known,  from  the  time 
when  Mms.  da  SUel  visited  Oer- 
manj,  and  her  friend  Tillers  wrote 
faia  'Coap-d'ceil  aur  lea  UiuTersit^ 
d'AUem>gDe '  in  ]S08,  thronzh  the 
mitingi  of  Couain,  the  verdict  of 
Benan,  of  Coumot,  of  Drejtiu- 
Briaac,  and  of  the  Aioerican,  J.  M. 
Hart.  To  tbeaa  often-repeated  ex- 
presaioni  I  will  add  ttiat  of  the 
great  apoatle  of  higher  culture  of 
our  age,  of  Uatthew  Arnold,  who 
auma  up  hia  intorea&ig  report  on 
the  German  >f  stem  of  higher  edu- 
cation in  these  chareoteriBtic  words : 
"  What  I  admire  in  Oenuauv  is, 
that  while  there,  too,  InduatriaJiam, 
that  great  modem  power,  ia  making 


at  Berlin  and  Leipzig  and  Blber- 
feld  most  suooeasful  and  rapid  pro- 
grew,  the  idea  of  Cultui^  Caltun 
of  the  only  true  sort,  ia  in  Qormany 
a  living  power  alao.  Petty  towns 
have  a  university  whose  teaching 
is  famous  through  Europe;  and 
the  King  of  Pruads  and  Count 
Bismarck  resist  the  loas  of  a  great 
savant  from  PruMia  a*  th«j  would 
resist  a  politiratl  check.  It  true 
culture  ever  becomes  at  last  a 
civilising  power  in  the  world,  and 
is  Dot  overlaid  by  fanaticism,  by 
industrialism,  or  by  frivolous  [jess- 
ure-aeeking,  it  wiU  be  to  the  faith 
and  leal  of  this  homely  and  much- 
ridiculed  Qerman  people  that  the 
great  result  will  be  mainly  owing  " 
('Schools  and  Universities  on  the 
Cout4neut,'  1SB9,  p.  2Se). 
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The  history  of  science  in  France  and  Germany  during 
»  the  first  half  of  the  present  century  is  identical  with  the 
history  of  two  great  or^niaationa,  the  Paris  Institute  and 
the  German  ITnivereities.  It  is  to  them  that  we  owe 
nearly  all  the  great  scientific  work  in  the  two  countries : 
to  the  former  we  owe  the  foundation  of  the  modem 
methods  of  Bcientific  work  during  the  last  period  of  the 
eighteenth  and  the  early  years  of  the  nineteenth  cea- 
tury ;  to  the  latter  we  owe  pre-eminently  the  diffusion 
and  widespread  application  of  those  methods.^  We  now 
turn  to  the  country  which,  in  advance  of  France  and  Ger- 


'  Id  respect  of  this  I  cannot  suf- 
ficient! ]r  recommend  H.  Haury's 
volume  on  'L'anci«nne  Acad^mie 
dea  Sciences,'  which  ia  as  eloquent 
a  tMtimonial  to  the  scientJGc 
labours  of  eminent  Frenchmen 
during  the  eighteenth  century  as 
the  companion  volume  on  '  L'an- 
cienne  Aculdmie  des  Inscription* 
et  Belles  Lettres '  is  a  proof  of 
the  alisence  of  philologieu  Btudies 
during  that  period.      The   recent 


pub: 


1   of  I 


'  work,    'Die 


labour*  of  the  Oerman  universities 
during  this  century.  The  first  im- 
preuion  we  get  from  the  penisal  of 
these  two  works  ia  that  for  a  Ions 
period  France  almost  monopolised 
the  exact  sciences,  just  as  later, 
for  a  similar  period,  Qermany 
almost  moDopolised  clsaaical  re- 
search, the  science  of  antiquitj. 
And  yet  the  former  waa  probably 
SB  much  indebted  to  the  English- 
man Newton  M  the  latter  was  to 
the  Frenchman  Joseph  Scaliger  for 
the  character  each  acquired  during 
the  two  periods  1  refer  to. 
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many,  bad  produced  the  greatest  scientific  model  of  modem 
times,  a  work  which  has  probably  done  more  than  a.ny 
other  purely  scientific  work  to  revolutionise  our  scientific 
notiona — the  '  Prinoipia '  of  Newton.  In  the  subsequent 
history  of  the  thought  of  this  century,  the  next  chapter 
will  deal  with  the  part  that  the  Newtonian  ideas  have 
played  throughout  the  whole  period.  We  have  now  to 
turn  our  attention  to  the  state  of  science  in  Oreat  Britain 
during  the  period  when  Paris  academicians  and  German 
professors  combined  to  define  and  carry  the  spirit  of 
modem  scientific  thought  into  the  several  mathematical, 
physical,  and  biological  branches  of  research. 

Considering  that  the  great  scientific  institutions  of  the 
Continent — the  Paris  Institute,  the  scientific  and  medical 
achools  in  Paris,  and  the  German  universities — have  done 
eo  much  for  the  furtherance  of  science  and  the  diffusion 
of  the  scientific  spirit,  it  is  natural  that  we  should  ask. 
What  have  similar  institutions  done  in  this  country  ?       >■ . 
These  institutions  are,  indeed,  mostly  older  than  the  HJ'S^ 
academies   and   modem   universities  of   the  Continent.  ^*''°- 
The  "Royal  Society,  if  not  older  than  the  French  Academy, 
is  certainly  older  than  the  Paris  Academy  of  Sciences.^ 


t  of   > 


}  bavt 


"  AowJeoiia  Secretonim 
Naturce,"  founded  at  Naples  in  ISeO. 
Several  aocieties  devoted  to  the  cul- 
ture of  l[terature  and  art  exuted  in 
Italy,  Bucb  as  tke  Academy  "della 
Oueca"  (fouoded  at  Florence  in 
1S82).  The  great  French  Academy, 
devoted  ewdunvely  to  the  study  of 
tlie  French  laogaage,  datea  from 
1929,  and  received  it*  ehart«r  in 
ie3G.     The  Uc^  Sacte^,  though 


not  the  firat  icheme  of  ita  kind 
which  mM  itarted  in  thii  country 
— for  the  establiahiuent  of  a  BajaX 
Academy  was  discuwed  aafar  backaa 

161«— actually  itarted  (IfliS)  in  the 


Waltu'e  Account  ot  Some  Paastgea 
of  hi*  own  Lite '  (quoted  b;  Weld, 
'  Hiet.  of  the  Royal  Society,'  vol.  L 

680).  Theeeineetingi,  according  to 
m,  were  lugeeited  by  a  Qerman, 
TheiHlore  Hank,  then  r«eident  tn 
London.  The  member*  were  "  per- 
into  natural  phuoe- 
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The  universities  of  Oxford,  Cambridge,  Edinburgh,  Dub- 
lin, and  Glasgow '  are  older  than  m(»t  of  the  German 
universities  which  have  done  the  great  Bcientific  work 
of  this  centuiy.  So  far  aa  wealth  is  concerned,  no  in- 
stitution on  the  Continent  could  compare  with  the  two 
older  English  univereitieB,  and  the  Boyal  Society  had 
in  the  b^^ning  of  this  century  long  emerged  from  the 
poverty  which  characterised  her  early  history  during  the 
lifetime  of  Newton.*     Let  us  look  at  the  subject  from  a 


ophy,  .  .  .  and  particulkrl;  of  wh«t 
twtb  beeo  iMtd  the  MewPhiloaophy 
or  Ezperimental  Fhiloaophy."  It 
formed  a  branch  at  Olfora  in  1649, 
and  received  t>  royal  charter  in 
lfl62,  four  years  before  the  "Acad- 
imifi  dee  Scieacee  "  at  Parii — which 
had  also  previously  existed  as  a 
private  gathering  of  Bavante  at  the 
hoUMe  of  MerMDiie,  Montmort,  and 
Th^venot-— waa  formally  installed  in 
the  Biblioth^ue  du  Roi.  The 
"Accademia  del  Cimento"  at  Flor- 
ence was  eatabliahed  in  1667  {  but 
it  only  lasted  ten  years.  Very 
irregular  were  alio  the  life  uid 
laboura  of  the  "Academia  natune 
Curiosorum"  (later  ctHeA  A. 
CEBsarea  Leopoldina),  founded  at 
Vienna  in  1652.  The  Aocademia 
del  Cimento  printed  an  important 
volume  of  '^wisactions  in  1666. 
The  Royal  Society  published  its 
first  volume  in  1666.  The  first 
volume  of  the  'Journal  dea  Sa- 
vants '  is  of  the  same  year.  Very 
complete  information  mil  be  found 
on  all  foreign  Academiea  in  the 
'Grande  Encyclopedie,'  art.  "Acad- 

'  Although  the  dates  of  the  foun- 
dation of  Oxford  and  Cambridge  are 
uncertain,  they  were  cerh^nly  more 
than  a  oentury — probably  two  cen- 
turiee — older  than  Prague,  the  finrt 
Oemuut  university,  founded  by  the 
Emperor  Chariea  IV.  in  1317.    The 


older  Scotch  un  iveraties  were  found  ■ 
ed  in  the  course  of  the  fifteenth 
century,  about  the  same  time  that 
Leipeic  appear*  to  have  had  its 
origin  through  a  seceeuoD  from 
Pra^iue.  The  German  universities 
— BWle,  Qiittingen  —  which  were 
the  seat  of  modem  erudition,  have 
a  much  later  date,  as  given  in  chap. 
ii.  p.  1G9,  above.  Edinburgh  was 
founded  at  the  end  of  the  six- 
teenth century,  and  Trinity  Col- 
lege, Dublin,  atwut  the  same  t4me. 
Leyden,  which  exerted  a  great  in- 
fluence both  on  Scotch  and  Qerman 
higher  education  during  the  seven- 
teenth oentury,  was  somewhat  older 
than  Ediaburgh. 

'  It  appears  from  Weld  {'History,' 
Ac,  vol.  L  pp.  231,  241, 216, 316,  462, 
473)  that  the  financiai  position  of 
the  Koyal  Society  was  precarious, 
and  frequently  engaged  the  serioua 
attention  of  the  Council,  during 
the  whole  first  hundred  years  of  its 
existence  ;  that  as  late  a«  1740  the 
whole  revenue  of  the  Society  was 
only  £232  per  annum.  An  effort 
wan  then  made  to  ^t  b  the  lafge 
arrears  of  subscriptions  and  other 
contributions.  Id  tbe  following 
year  the  income  seems  to  have 
exceeded  the  expenditure  by  £267. 
Weld  adda,  "  It  U  a  painful  taak  to 
I  record  tbeee  periodical  viatations 
I  of  poverty,  which  tht«atened  the 
I  very  eiistence  of  the  Roysl  Society; 
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different  point  of  view.  Ei^land  has  during  the  early  part 
of  the  century,  in  all  but  the  purely  mathematical  sciences,  ■ 
a  greater  array  of  scientific  names  of  the  first  order  than  ^^ 
Germany,  and  nearly  as  great  an  array  as  France.  Black, 
HerBchel,  Priestley,  Cavendish,  Davy,  Toung,  Dalton, 
Faraday,  Rowan  Hamilton,  Brewster,  Lyell,  Charles  Bell, 
are  alt  identified  with  one  or  more  novel  ideas  or  definite 
branches  of  research.^     Great  Britain  had  thus  no  lack 


tS£ie 


there  u,  however,  »  proportionate 
BmouDt  of  pleuura  in  witnewing 
the  triumphant  nunoer  in  which 
the  imall  band  of  philoaopherB  ex- 
tricated their  imtitutioD  from  seri- 


oua  difficulties,  unMuiled  b;  RoTal 
boutitf  and  labouring  alona  on  ac- 
count of  their  lore  for  icieDca " 
(vol  I  p.  *74)- 

'  The  fnllowiug  are  the  principal  datea  refenivg  to  the  great  discoveries 
made  in  this  country  during  tiie  baU-oentury  endiDg  1S2G  : — 

1774.  Prie«tlej  (1783-1804)  diBoovera  oxygen  and  a  variety  of  other 

gsae^ 
1776.  Black  (1728-96).  Hemoin  on  latent  beat 

1775.  Haakelyne  (1732-lSIl)  meaaurea  the  Attractton  of  Mount  8be- 

1776.  Landen  (1719-90)  espreaua  the  arc  of  an  hyperbola  in  terma  of 

two  elliptic  arcs. 
1778.  Benjamin  Thompson  {Count  Rumtord,  1763-1814)  first  ezperi- 

mentB  on  heat  I^  friction. 
1781, 13th  March,  Sir  William  Hsraehel  (1738-1822)  diaoovera  Uranua. 
1784.  Caveadish  (1731-1810)  discovers  the  composition  of  water. 
1780-67.  Caroline  Herschel  (1750-1848)  discovers  her  eight  conteta. 
1768.  Cavendish  determines  the  density  of  the  earth. 
;    1769.  Davy  (1768-1826),  easay  on  heat,  light,  && 

1800.  Nicholson  and  CarliBle  decompose  water  with  the  voltaic  pile. 

1801.  Dalton  (1786-1844),  theoty  of  evaporation. 

1301.  Toung  (1773-1829),  QrBt  essay  on  the  theory  of  light  and  cobur. 

1802.  Dalton,  law  of  eipsjision  oE  gsaeoua  fluids. 

1802.  PUyfair  (1748-1816),  '  lUustrationa  of  the  Huttonian  Theotr-' 

1802.  Wollaaton  (1786-1826),  on  Iceland  spar,  and  undulatoiy  thecxy. 

IS02-3.  William  Herschel,  observationa  on  nebulcD  and  double  stars. 

1802-3.  Toung  expounds  the  prindple  of  "  Interference." 

1803-4.  Dalton  proposes  the  atomic  theory. 

1804.  Leslie  (1766-1832),  experiments  on  heat. 

1804.  Wollaston  discovers  palladium  and  other  kindred  metals. 

1806.  Davy  iaoUtes  the  alkaline  metals. 

1807.  Young  introduces  the  word  Energy  (lecL  I  p.  7G). 
1806.  Ivory  (1765-1842),  on  the  attraction  of  ellipeoida. 

1810.  Toung  (in  *  Quarterly  Beview ')  explains  the  different  refracUona 

incryatala. 
ISlOi  Davy  discovers  chlorine  to  bs  a  simple  body. 
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either  of  great  men  of  science  or  of  great  Institutions, 
and  yet — in  spite  of  these — we  read  in  the  course  of 
i.        the  first  third  of   the  century   about  the   decline   of 
idwMia     science  in  England.     That  sach<  could  be  seriously  said 
Bngiuid.      of  J  country  which  within  fifty  years  had  in  astronomy 
discovered  a  new  planet  (the  first  addition  to  the  number 
known  to  the  ancients),  had  discovered  oxygen,  latent 
heat,  and  the  decomposition  of  water,  applied  the  gal- 
vanic current  ior  iBolating  the  most  refractory  metals, 
laid  the  groundwork  for  the  undulatory  theory  of  light, 
established  the  atomic  theory,  put  forth  in  statioB  and 
dynamics  two  of  the  most  important  modem  generalisa- 
tioDS,^  and  introduced  in  the  treatment  of  electric  and 

1310.  Brown  (1773-1S53]  publishes  his  ■  Prodromiu  Florce  Norn  Hoi- 

1811.  Cluu-les  Bell  (1774-1612)  uurts  the  difbrence  of  sensorj  and 

motor  □errea. 
181S.  BntnUr  (1781-1S68}  begins  his  experimeDts  on  refraction  and 

1815.  Davy  diacovera  iodine. 
Bjnopticad  sctde  of  oquivs 

■Strata.' 
IBIG.  Brewster  givee  bis  law  for  detenniniDg  the  polarising  angle. 
ISIG.  Leslie  (176fl-1632)  ezperimenta  on  radiant  heat  and  temperatnro 
of  the  earth. 

1816.  Pront  (17S6-1850),  Memoir  on  the  pomtjon  of  hydrogen. 
1S17>  Toung  (in  a  lettu*  to  Arago)  suggesta  transverse  ribratiom  of 

UgbU 
1819.  Eater  (1777-1S8G}  ineaaur«a  the  length  of  the  seconds-pendulum. 
1S21.  Farad^  (17S1-1S67)  discovers  the  roUtion  of  a  coil  round  a  fixed 

magnet. 
1S21.  Brown,  monographs  on  botanic*!  subjeota. 
1S21.  Sabine  (1788-1S83)  eiperimenta  on  the  dip  of  the  magnetic 

1823.  Rowan  Hamilton  (IS0G'S6)  presents  his  paper  on  Caustics  to 

the  Irish  Academy. 
1823.  Faraday  condenses  chlorine  and  other  gases. 
1324.  Sir  J.  Henchel  (17B2.1871),  observatJons  of  double  fltarv. 
1626.  Sir  J.  Herschel,  on  the  panOlax  of  fixed  stars. 
'  Tb«  tivo  important  generalisa-  |  the   Application    of   Hathematical 
tiona  I  refer  to  are  contamed  in :  AnalysiB  to  tb«  Tbeories  of  Elec- 

1.  0«orge  Gr«en,  'An  Essay  on   1  trid^  and  Magnetism,'  published 
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m^netic  phenomena  novel  conceptions,  the  value  of 
which  other  fifty  yeara  have  hardly  BufBced  to  realise 
— is,  indeed,  an  extraordinary  fact  well  worthy  of  careful 
examination.  Certainly  the  language  in  which  Cuvier 
with  truth  congratulates  the  French  nation  on  the  pre- 
eminence .which  it  has  attained  in  all  branches  of  science 
contrasts  strangely  with  the  repeated  attacks  made  in 
periodical  literature,  and  in  special  pamphlets,  on  the 
state  of  science  in  England.  And  these  not  by  persons 
ignorant  of  the  great  names  and  signal  achievements  just 
mentioned,  bat  by  men  of  note,  occupying  all  but  the 
very  first  places  among  the  scientific  men  of  this  country. 

It  will  suffice  to  give  only  two  out  of  many  examples 
of  this  criticism. 

One  of  the  earliest  complaints  regarding  the  culture  of 


•t  Nottingbsm  by  private  Butwcrip- 
tioD  in  1S28.  The  tern)  "  potentiitl 
tuDctioD,"  to  denote  the  sum  (V) 
obtMoed  by  itdding  together  the 
maeaea  of  all  the  particles  of  a 
ayetem,  each  diTided  by  ite  dutance 
bma  a  given  point,  or  in  mathO' 


See 


matical  language  V=  I  — ,  oi 
there  for  the  fint  time. 
Oreen'e  mathematical  papers, 
FerwrB,  1871,  p.  22.  The  funclioo 
had  before  that  time  been  uaed  bj 
Legendre  and  laplace,  but  Qreen 
wai  the  first  to  give  a  general 
mathematical  theory  of  it.  His 
esBay  remained  unknown  to  the 
mathematical  world,  and  the  prin- 


oipa]  theoret 


independently 


published  by  Gauss  in  his  celebrated 
essa;  '  AUgemeine  Lehreiitze  liber 
die  im  verkehrten  Verhaltnisse  dee 
Quadrate  der  Entfemung  wirken- 
den  Andehungs-  und  Abatossungs- 
Ki^fte,'  1830. 


2.  W.Rowan  Hamilton's  memoin 

a  the  '  Fhiloeophical  Transactions ' 
of  1834  and  1SS5,  preceded  by  hia 
theory  of  aystems  of  Tays  in  the 
"Transactioas  of  the  Royal  Irish 
Academy,'  1823.  In  these  papen 
ia  contained  his  celebrated  prin. 
ciple  of  varying  action,  which  is  a 
development  of  Maupertuis'a  prin- 
ciple of  leaat^or  stationary —ao. 
tioD.  A  great  deal  hM  been  written 
on  this  principle,  which  is  now  con- 
sidered to  be  the  moat  general 
principle  of  dynamics,  as  well  for 
its  mathematical  uaefulneea  in  cal- 
culations (see  EirchhoS, '  Vorlesun- 
gen  uber  mathematische  Phyailc,' 
vol.  i.  pp.  28,  29),  a*  from  a  phy- 
sical pomt  of  view  (Helmholli, 
in  'Journal  flir  Hathematik,*  vol. 
lOD).  It  bos  gained  this  import. 
ance  since  the  conception  of  energy, 
or  power  to  do  work,  has  been 
placed  at  the  base  of  the  theory 
ot  all  physical  p 
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excellent  review  of  Laplace'e  '  M^canique  c^leete '  hy 
Playfait  in  the  '  Edinburgh  Review '  of  1808/  "  In  the 
list  of  the  mathematiciana  and  pbilosophetB  to  whom  the 
science  of  astronomy  for  the  last  sixty  or  seventy  years 
has  been  indebted  for  its  improvementB,  hai'dly  a  name 
from  Great  Britain  falls  to  be  mentioned.*  .  .  .  Nothing 
prevented  the  mathematicians  of  England  from  engf^ing 
in  the  question  of  the  lunar  theory,  in  which  the  interests 
of  navigation  were  deeply  involved,  but  the  consciousness 
that  in  the  knowledge  of  the  higher  geometry  they  were 
not  on  a  footing  with  their  brethren  on  the  Continent. 
This  is  the  conclueion  which  unavoidably  forces  itself 
upon  us.  .  .  ,  We  will  venture  to  say  that  the  number 
of  those  in  this  island  who  can  read  the  '  M^canique 
celeste '  with  any  tolerable  facility  is  email  indeed.  If 
we   reckon    two   or   three  in  London   and   the  military 


'  'Edinburgh  B«view,'  vol.  ii.  p. 
279,  *c.  JohiiPlajfair(17*8-181») 
was  a  native  of  ForfoTBhire,  and 
Profeuor  of  Mathematics,  and  later 
of  Natural  PhilosophT,  at  tbe  Uni- 
versity of  Edinburgh.  "Playlair 
wu  Btruck  nitb  the  backwordDesi 
of  tbe  English  matheautjcians  in 
adopting  the  reaulta  of  the  Conii- 
nentol analyst*.  Whilelhej boasted 
of  NewtOD,  thej  were  unable  to 
follow  him,  and  the  mantle  of 
Newton  had  indeed  passed  over  to 
France,  where  it  rested  ultimately 
on  the  shouldere  of  Laplace.  Play- 
fair  accordingly  set  himself  to  dif- 
fuse among  bia  countrymen  a  know- 
ledge of  the  progress  which  science 
had  been  making  abroad.  This  he 
did  in  a  variety  of  ways, — by  his 
articlea  in  the  '  Encjclopoidia  Brit- 
annic*,' by  hi«  papen  in  the  Tr»nB. 
actions  of  learned  societies,  by  his 
articles  in  the  '  Edinburgh  Review,' 
and  by  his  class- teaching.    As  David 


Gregory  introduced  the  Newtonian 
philosophy,  ao  Playfair  introduced 
the  Continental  methods  into  the 
studies  of  the  Univeraity  of  Edin- 
burgh "  (Sir  A.  Grant,  '  Tbe  Story 
of  the  University  of  Ediubur^h,' 
vol.  ii.  p.  302). 

'  Pl^f sir  here  exoeptohis  country- 
man, Colin  Haclaurin  (1698-1746), 
"in  whoee  time  tbe  teaching  of 
mathematics  at  Edinburgh  reached 
a  point  which  it  cannot  be  said  to 
have  yet  surpassed"  (ibid,,  vol.  ii, 
p.  299  ;  cf.  alao  vol.  i-  p.  271,  where 
a  progi^mme  publialied  in  1741  is 
given  of  the  mathematical  and  phy- 
aical  lectures  at  Edinburgh,  which 
iirpassed   probably   at  that   time 


and  the  Engliahman  Landen,  i 
of  whom  were  well  known  among 
Continental  mathematicians. 
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schools  in  it8  vicinity,  the  same  number  at  each  of  the 
two  English  universities,  and  perhaps  four  in  Scotland, 
we  shall  hardly  exceed  a  dozen,  and  yet  we  are  fully 
persuaded  that  our  reckoning  is  beyond  the  truth." 

The  other  opinion  I  am  going  to  quote  dates  from  more  a. , 
than  twenty  years  later,  and  is  contained  in  a  pamphlet  by  <^""" 
Charles  Babbage,*  who  with  Herschel  and  Peacock  had 
done  much  to  introduce  at  the  University  of  Cambridge 
that  knowle<%e  of  Continental  mathematics  which,  accord- 
ing to  the  Edinbui^h  Beviewer,  was  so  much  needed.  His 
'Dechne  of  the  State  of  Science  in  England'  (1830)  was 
directed  mainly  against  the  Soyal  Society,  as  the  review 


1  Ch&rlea  BAblHge  (1792-1371),  a 
Dfttive  of  DcTODahire,  well  knoirii 
ftll  orar  Europe  through  hU  calcu- 
lating DUcfaiae,  wu  k  very  remark- 
Able  Euid  original  tokD.  He  lived 
during  the  age  when  the  appli- 
OAtion  of  machinery  to  Dunuuc- 
turea,  tradea,  and  arU  produced 
the  great  reform  in  the  indiutrial 
■jratem  of  thta  country,  and  bia 
tateota,  nhicb  migbt  well  have 
been  employed  in  promoting  pure 
acieoix,  were  largely  apent  in  boIt- 
ing  problemi  of  practical  interest. 
An  account  of  theae  aevenl  pur- 
tuite  and  achemea  ia  given  in  hia 
'  Paaaagea  from  the  life  of  a  Philoa- 
opher,"  London,  1884.  Of  hia 
aoalfticol  machine  we  ahall  have 
occaaion  to  apeak  hereafter  (see  p. 
248).  Of  the  beginningi  of  the 
new  school  of  matbematica  at  Cam- 
bridge be  giiea  the  following  ac- 
count (p.  27).  Having  purchased 
for  seven  guineas  a  cop;  of  Lacroix'a 
'  Difierantial  and  Int^ral  Calculus,' 
be  went  to  his  public  tutor  to  ask 
the  eiplanatjon  of  one  of  his  diffi- 
enltiea.  "  He  listened  to  my  quea- 
tion,  said  it  would  not  be  asked  in 
the  Senate  Houae,  and  was  of  no 


the 


[uence,  and  advised 
ibjecta  of 
Repeated 


to  get  up  the  earUer  aubjecta  of 


eiperience  of  thia  kind  1^  i 
eSeot  Uiat  he  acquired  a  distaste 
for  the  routine  studies  of  the 
place,  and  devoured  the  "papers 
of  Euler  and  other  mathemati- 
cians Blattered  through  innumer- 
able volumes  of  the  Academiea  of 
Petersburg,  Berlin,  and  Paris."  He 
then  perceived  "the  superior  power 
of  the  notation  of  Leibniz.'^  It 
Iteing  an  age  for  forming  sociBtiea 
for  printing  and  circulating  the 
Bible  at  Cambridge,  Babbage  con- 
ceived the  plan  of  a  society  for 
promoting  mathematical  analjus, 
and  to  parody  one  of  the  many 
advertiaementa  he  proposed  to  call 
it  a  society  for  promoting  "the 
Principlea  of  pure  i^'ism  (d  being 
Leibniz's  symbol)  in  opposition  to 
the  dot-age  (doU  being  Newton's 
noWtion)  of  the  university."  The 
moat  important  result  of  this  move- 
ment waa  the  publication  in  1816 
of  a  translation  of  Lacroiz's  treatiae, 
and  of  two  volumea  of  example*  in 
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of  Playfair  was  against  the  Eoglish  universities.^  "  That 
science  has  long  been  neglected  and  declining  in  England 
is  not  an  opinion  originating  with  me,  but  ia  shared 
by  many,  and  has  been  expressed  bj  higher  authority 
than  mine." '  The  author  then  proceeda  to  give  ex- 
tracts from  the  writings  of  Davy,  Herschel,  and  others 
on  this  subject.  "  It  cannot,"  he  says,  "  have  escaped 
the  attention  of  those  who  have  had  opportunities  of 
examining  the  state  of  science  in  other  countries,  that 


'  Some  of  the  eauaeg  of  the  de- 
cliiKi  u  given  b;  Babbage  are  in- 
tereating,  the  mora  bo  if  ne  remem- 
ber that  they  were  writteo  at  the 
period  which  marked  the  culmin- 
ation of  WitMruoha/t  in  another 
country  (p.  10);  "The  pursuit 
of  science  does  not  in  England 
constitute  a.  dietinct  profeuion,  ae 
it  doea  in  man;  other  countries. 
.  .  .  Even  men  of  (ound  Bense  and 
discemment  can  scarcely  find  meani 
to  distinguiah  lietween  the  posses- 
■org  of  knowledge  merely  elemen- 
tary and  thiMe  whose  acquirements 
are  of  the  highest  order.  This 
remark  applies  with  peculiar  force 
to  all  the  more  difBcuk  applications 
of  mathematics ;  and  the  fact  a 
calculated  to  check  the  energies  of 
those  who  only  look  to  reputation 
in  England."  In  1794  Professor 
Waring  of  Cambridge  wrote ;  "  I 
have  myself  written  on  moat  sub- 
jects in  pure  mathematics,  and  in 
theee  books  inserted  nearly  all  the 
inventions  of  the  modems  with 
which  I  was  acquainted ;  .  .  .  but 
I  never  could  hear  of  any  reader 
ill  EogUnd,  out  of  Cambridge,  who 
took  tjie  pains  to  read  and  under- 
stand what  I  have  written ; "  and 
"he  then  proceeds  t«  console  him- 
self under  this  neglect  in  England 
by  the  honour  cinferred  on  him  by 
d  Alembert,  Euler,  and  LagranKe 


(see  TodhuDter,   '  History  of   the 

Theory  of  Probability,'  p.  463), 
Babbf^  remarks  {p.  18)  that  "in 
England  the  profession  of  the  law 
is  &at  which  seems  to  hold  out  the 
strongest  attraction  to  talent,"  that 
science  is  pursued  as  a  favourite 
pastime, and  that  mathematics  "re- 
quire such  overwhelming  attention 
that  they  can  only  be  pursued  by 
those  whose  leisure  is  undisturbed 
by  other  claims."  "  By  a  destruc- 
tive misapplication  of  talent  we  ex- 
change a  profound  philosopher  for 
but  a  tolerable  lawyer  "  (p.  S7). 

*  One  of  the  causes  given  l^  the 
Edinburgh  Reviewer  of  1822  (voL 
xxivii.  p.  222)  is  the  following: 
"  In  Cambridge  there  must  always 
he  a  great  number  of  men  devoted 
to  scientific  pursuits ;  but  from  the 
want  both  of  tbe  facilities  and  the 
excitements  furnished  by  Buch  an 
association,  apt  to  lose  the  spirit  of 
original  investigation,— a  remark 
peculiarly  applicable  to  these  young 
men  who  yearly  distinguish  them- 
selves in  the  favourite  studies  of 
the  Univenitj,  and  who,  after  the 
laborious  course  of  discipline  b; 
which  they  have  attained  the  first 
object  of  their  ambition,  are  prone, 
if  left  alone,  to  become  the  mere 
instruments  for  enabling  others  to 
pureue  the  same  coune." 
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in  England,  particularly  with  respect  to  the  more  difficult 
and  abstract  sciences,  we  are  much  below  other  nations, 
not  merely  of  equal  rank,  but  below  several  even  of 
inferior  power." 

"It  ia,"  saya  the  Edinburgh  Reviewer  of  1816,'  "cer- 
tainly a  curious  problem  with  respect  to  national  genius, 
whence  it  arises  that  the  country  in  Europe  most  gener- 
ally  acknowledged  to  abound  in  men  of  strong  intellect 
and  sound  judgment  should  for  the  last  seventy  or  eighty 
years  have  been  inferior  to  so  many  of  its  neighbours  in 
the  cultivation  of  that  science  which  requires  the  most 
steady  and  greatest  exertions  of  understanding,  and  that 
this  relaxation  should  immediately  follow  the  period  when 
the  greatest  of  all  mathematical  discoveries  had  been  made 
in  that  same  country." 

It  must  be  said  that  these  opinions,  expressed  as  they        t, 
were  by  men  of  the  highest  attainments,  did  not  remain  ^oiouo 
unchallenged  at  home  or  unnoticed  abroad.     It  will  be  «i™«. 
int«resting  to  see  how  they  have  been  met.     Let  us  first 
hear  what  Cuvier  says  in  his  £loge  of  Sir  Joseph  Banks 
in  1821*  regarding  the  work  of  the  Royal  Society  during 
the  period  of  forty-one  years  of  his  pr^idenoy ;  "  During 
this  period,  so  memorable  in  the  history  of  the  human 
mind,  English  philosophers  have  taken  a  part  as  glorious 
as  that  of  any  other  nation  in  those  labours  of  the  intel- 
lect which  are  common  to  all  civilised  peoples :  they  have 
faced  the  icy  regions  of  both  poles ;  they  have  left  no 
comer  unvisited  in  the  two  oceans ;  they  have  increased 
tenfold  the  catalogue  of  the  kingdotns  of  nature;  the 

1  'Edioburi 
xxfii  p.  98. 
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'  Thop 


iphlet  w 


1  entitled '  On 


heavens  have  been  peopled  by  them  with  planets,  with 
satellites,  with  unheard-of  phenomena;  they  have  counted, 
80  to  apeak,  the  stars  of  the  Milky  Way :  if  chemistry  has 
assumed  a  new  aspect,  the  facte  which  they  have  furnished 
have  mainly  contributed  to  this  change :  inflammable  air, 
pure  air,  phlc^ticated  air,  are  due  to  them ;  they  have 
discovered  how  to  decompose  water ;  new  metals  in  great 
number  are  the  outcome  of  their  analysis ;  the  nature  of 
the  fixed  alkalis  has  been  demonsti-ated  by  none  but 
them ;  mechanics  at  their  call  have  worked  miracles,  and 
have  placed  their  country  above  others  in  nearly  every 
line  of  manufacture."  Another  foreigner.  Professor  Moll 
of  Utrecht,  remarked  in  hie  reply  to  Mr  Babble's 
pamphlet ' :  "If  Mr  Herschel  and  some  of  his  friends 


matici.  This  refers  probably  to 
the  absence  of  periodicsla  devoted 
to  ap«cuJ  sciencw,  >ucb  as  the 
'AnDslesde  Cbiimeetde  Phjeique,' 
published  bj  Arago  and  Qaj-Luswa 
in  France^  In  the  absence  of  these 
special  organs,  memoirs  of  original 
value,  which  marked  an  era  in 
special  reeearcbes,  were  scattered 
in  general  literary  reviews,  as 
Young's  □□  Light  and  Hieroglyphics 
in  the  '  Quarterly,'  Herechel's  and 
Airy's  in  the  '  Eacycloptedia  Metro- 
politans ' ;  and  much  good  matbe- 
matics  was  buried  iu  the  'Ladies' 
Diary  '  among  poetry  of  the  "  wont 
taste"  and  "childish  scrape  of  litera- 
ture and  pbilosofdiy  "  ('Edin.  Rev.,' 
vol.  ii.  p.  282,  1808).  Another 
point  i(  that  "  the  rtsearchee  of 
English  men  of  science  have  been 
too  much  iDaulBt«d  from  each  other 
and  from  what  is  doing  in  other 
countries"  (Whewell  to  Vernon 
Harcourt,  1831 ;  see  Life  by  Tod* 
hunter,  vol.  iL  p.  12S).  The  Britiah 
Asaociation,  which  was  founded  very 
much  as  B  result  of  this  agitation, 


the  alleged  Decline  of  Science 
England.'  By  a  Foreigner.  Loo- 
don,  1831.  It  was  by  Dr  Holl  of 
Utracht,  and  ws«  introduced  by  a 
few  lines  from  Faraday,  wbo,  with- 
out taking  any  side  in  the  question, 
remarked  that  "all  must  allow  that 
it  is  an  eitraordinaiy  ctrcumstimce 
for  English  character  to  be  at- 
tacked by  natives  aod  defended  by 
foreigners."  En  the  discussion  on 
the  subject  by  this  writer,  as  also 
by    Babbage,     Herschel,     Flayfair, 

Whewell  —  pro  and   con a  good 

many  points  of  importance  are 
brought  out:  aome  of  them  are 
still  intereetiug,  others  refer  to 
defects  which  have  iiuce  been 
remedied.  1  will  mention  a  few 
of  them.  Flayfair,  in  the  'Edin- 
burgh Review'  (vol.  mi.  p.  383, 
1819),  thinks  that  the  "  very  ex- 
tensive dissemioation  of  general 
knowledge,  which  is  so  much  the 
case  over  the  whole  of  this  king- 
dom," is  againet  the  advancement 
of  the  higher  branchea  of  mathe- 
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have  such  a  poor  opinion  of  the  English  scientific  jouroals, 
a  different  judgment  is  entertained  abroad,  as  is  well 
proved  hj  the  eagerness  vrith  which  the  German  journal- 
ista  seize  upon  every  article  issuing  from  the  presses  of 
their  British  collef^ea.  The  value  which  is  set  in 
Gennany  upon  the  scientific  pursuits  of  the  English, 
the  rapidity  with  which  translations  are  made  in  Gennany 
of  whatever  English  philosophers  of  some  reputation  pub- 
lish, shows  abundantly  that  in  that  country  at  least,  in 
docta  Qermania,  a  far  greater  value  is  set  upon  the  pro- 
ductions of  English  science  than  is  done  by  Mr  Herschel 
and  his  friends." ' 


hfta  remedied  thu  d«fect;  and  ipedal 
periodicaU  eiiet  now  in  multitudea ; 
but  who  could  m;  thftt  b  third 
potDt  baa  been  auffldeDtly  attended 
to — i^,  "  the  ignorance  of  foreign 
Umguagee,  which  preveili  both  in 
England  and  in  Franoe '.  in  Eng- 
land the  number  of  thoee  who 
acquire  a  noatteriiig  of  French  ia 
verjr  email,  and  still  smaller  is  the 
number  of  thoae  who  know  enough 
of    German    to    read    a    book    ' 


tiiat  lani 


without  oontidenble 


iguaga 
■^(Drl  . 
A  fourth  defect  existing  at 
U  worth  mentioning,  aa  we  nave  long 
left  the  age  of  aucb  drkwbacki ;  it 
"  ia  the  high  price  in  England  of 
foreign  books,  in  conaaquenc«  of  an 
importation  duty."  The  paper 
dutiea  were  repealed  in  18SI. 

'  Holl,  loe.  eit.,  p.  7.  Another  pas- 
nge  ia  of  interest,  as  bearing  upon 
the  diS^renoe  between  the  culture  of 
•dence  in  England  and  in  France : 
"  At  the  time  of  the  French  Revolu- 
tion it  so  happened,  by  the  eier- 
tions  of  d'Alemberl,  Clurault,  Con- 
dorcet,  and  others,  that  of  all 
•ciencee  mathematica  were  the 
most  faahionable.  .  .  .  With  this 
TJew    the    Eoole     Normale     was 


founded,  which,  though  of  ihort 
duration,  was  po'h^ps  of  more 
utility  towards  the  extension  of 
mathematical  koowledge  than  all 
the  univerratiea  of  Europe  together. 
It  was  there  that  Laplace,  La- 
grange, and  MoDge  were  lecturen, 
and  men  like  lAoroix  among  the 
hearers.  The  study  of  elamca 
having  been  in  a  great  meaaun 
abolished  by  the  French  Revolu- 
tion, mathematica  were  studied  in 
its  at«ad  ;  and  tt  thus  happeoed 
that  a,  number  of  matbematioiaDa, 
unusually  ^reat,  were  Mattered 
over  the  soil  of  France,  and  aveiy 
one  thought  himself  capable  de 
fairt  Ui  X,  tM  the;  themaelns 
called  it,  upon  any  given  eubjeet. 
But  most  of  these  inveatigationa 
were  all  theoretical,  and  pntottcal 
applications  were  foregone  in  almost 
every  instance"  (p.  11).  "Haohan- 
ios  in  particular  do  not  seem  aooea- 
sible,  according  to  the  tenets  of  the 
French  school,  to  any  man  Dot  well 
vetaed  in  sublime  analysis.  ,  .  . 
Hence  it  ariaea  that  many  have 
acquired  a  profound  knowledge  of 
the  higher  biwiobee  of  matheniBtica, 
whilst  the  more  elementary  part  of 
mathematica,  which  leads  to  the 
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s.  The  answers  to  the  challeagea  of  Babbage  and  the 

^■|t»  EdinbuT^h  Reviewer  given  by  English  writers  them- 
selvea  cannot  on  the  whole  be  said  to  be  very  reassur- 
ing. One  of  them  counts  the  scientific  periodioalB  in 
England  and  in  France,  but  omits  to  weigh  the  merit 
of  their  respective  contributions.  Another  points  to  the 
'  Ladies'  Diary,'  in  which  many  carious  mathematical 
problems,  far  beyond  the  mere  elements  of  science,  are 
often  to  be  met  with.  A  third,  whilst  in  general  admit- 
ting the  correctness  of  Babble's  strictures,  draws  attention 
to  the '  Penny  Magazine '  and  the  '  Cabinet  Cyclopjedia '  as 
counterparts  in  England  of  the  Reports  of  Cuvier  and 
g.        Berzelius  abroad.     The  true  position  was  probably  recoc- 

FoondUloo  c  V  o 

^t^sBrti-  nised  by  the  founders  of  the  British  Association  for  the 
•Hon.  Advancement  of  Science  about  1830,'  who  saw  Uiat,  be- 


most  useful  applicaticms,  U  fftr  leu 
diffused  in  Fruice  than  id  England  " 
(p.  12),  "The  principle  of  the 
diviiion  of  labour  [in  science]  is 
more  acted  upon  in  France  than  in 
England"  (p.  14). 

'  The  movement,  wbich  origi- 
nated in  the  circle  to  which  Bab- 
bage belonged,  was  —  M  stated 
aboTe,  p.  42  —  to  aome  extent 
copied  from  the  Qermau  Auocia- 
tion  founded  by  Okan  in  1822.  The 
latter  acquired  a  kind  of  European 
renown  through  the  exertions  of 
Humboldt  in  1828,  who  succeeded 
in  attracting  a  considerable  number 
of  celehritie* — such  ss  QauM.  Ber- 
aelius,  Oersledt,- — who  for  them- 
selves preferred  aBolitaiy  to  a  "gre- 
garious "  mode  of  science,  Babbage 
was  a  guest  at  this  meeting  at  Ber- 
lin, and  gave  an  account  of  it  in  an 
appendix  to  the  'Decline  of  Science.' 
A  good  account  of  the  character 
and  gradually  declining  inflilenoe 
of  these  Qernian  meetingB  will  be 
found  in  Bruluu'   'Life  of  Hum- 


boldt' (vol.  iL  p.  127,  &e.,  transla- 
tion). They  "  degenerated  after  the 
usual  German  fashion  into  the  UD- 
intellectual  form  of  feasting."  The 
British  AssociatioD  for  the  Advance- 
ment of  Science,  founded  shortly 
afterwards  on  the  27th  September 
1831  at  York,  was  the  immediate 
outcome  of  a  suggestion  thrown 
out  by  Brewster  at  the  end  of  « 
review  in  the  '  Quarterly '  of  Bab- 
bage'a  '  Decline  of  Seienoe. '  He 
fully  endoned  the  latter's  opioion, 
and  was  even  more  severe  upon  the 
univentties,  maint^ning  "that  the 
great  inventions  and  discoveries 
which  have  been  made  in  England 
during  the  last  century  have  been 
made  without  the  precincts  of  our 
universities.  In  proof  of  this  we 
have  only  to  recall  the  labours  of 
Bradley,  Dollond,  PrieatJey,  Caven- 
dUh,  Uaskelyne,  Rumford,  Watt, 
Wollaston,  Toung,  Davy,  and  Che- 
venix ;  and  among  the  living  to 
mention  the  names  of  Dal  ton.  Ivory, 
Brown,  Uatchett,  Pond,  Herscbel, 
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sides  s  number  of  separate  societies,  "  concentration  was 
needed  in  one  association  in  order  to  give  more  systematic 
direction  to  scientific  inquiry,  and  that  the  first  thing 
needed  would  be  to  procure  reports  on  the  state  and  the 
desiderata  of  the  several  branches  of  science."  Babbage, 
at  the  Oxford  meeting  in  1832,  "expressed  the  general 
feeling  that  meetings  should  be  held  in  places  likely  to 
bring  science  into  contact  with  that  practical  knowledge 
on  which  the  wealth  of  the  country  depends."  There  is 
also  no  doubt  that  in  the  course  of  half  a  century  the 
British  Association  has  done  a  very  extensive  service 
to  science  in  the  direction  of  supplyii^  the  wants  which 
its  early  founders  clearly  defined,  and  in  bringing  about 
that  concerted  action  and  scientific  co-operation  which  bo 
highly  distinguishes  the  great  academies  and  universities  of 
Fmnce  and  Germany.^  It  has  done  so  without  altogether 
destroying  that  peculiar  feature  which  characterises  not  lo. 
only  the  scientific  but  all  the  forms  of  the  h^her  mental  nun  of 
work  of  this  country.  In  no  country  has  the  voice  "f  ^^^i" 
public  criticism  been  so  free  to  unveil  the  shortcomings 
which  attach  to  all — even  the  highest — human  effort.  In 
England  there  has  existed  for  a  long  time  the  habit  of 
promoting  advance  in  eveiy  department  by  the  cultiva- 


Babbage,  Henry,  Barlow,  South, 
Fankday ,  Murdoch,  and  Chrutie ; 
nor  need  wa  have  any  hesitation 
in  adding  that  within  the  lost  fif- 
teen years  not  a  single  discoTery  or 
ioTention  of  prominent  iatemt  haa 
been  made  in  our  college*,  and  that 
there  ia  Dot  one  man  in  all  tba  eight 
uiuTei«iti«  of  Great  Britain  who  ia 
at  present  known  to  be  engaged  in 
any  train  of  origiQal  rceearch" 
('Quarterly  Review,'  vol.  xliii.  p. 
327, 1S30).    He  then  tuggeato  "an 


awodatioD  of  our  nobility,  dergy, 
gentry,  and  philoaophera  (p.  842). 
'  The  Brituh  Auoeiation  has  from 
the  beginning  had  two  features  which 
did  not  eiiat  in  the  Oerman  so- 
ciety—  first,  the  Reports  on  Che 
positinn  of  various  branchee  of  sci- 
delivorod  by  speciaJiata  of  the 
■  "      the 
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tion  of  party  spirit,  party  criticism,  and  party  shibbo- 
leths, as  the  easiest  method  of  enlisting  popular  favour  ^ 
and  individual  interest ;  for  here  there  exists  no  central 
authority  which  can  create  powerful  organisations  or  dis- 
burse public  means  without  the  distinctly  and  repeatedly 
expressed  support  of  a  large  section  of  the  people.  But 
all  this  must  not  induce  us,  in  our  historical  survey, 
to  dwell  on  the  defects  rather  than  on  the  excellence  of 
the  British  contributions  to  the  growth  and  the  diffusion 
of  science.  Brilliant  is  undoubtedly  the  array  of  British 
names  which  have  during  the  first  half  of  this  century 
become  immortal  by  scientific  labours,  and  it  would  be 
narrow-minded  simply  to  emphasise  the  fact  that  they  have 
not  done  so  by  the  same  means  and  through  the  same 
organisations  as  the  Continental  nations  have  established 
and  perfected.  For  we  must  not  forget  that  these  even, 
with  all  their  rightly  extolled  universality  and  breadth 
of  spirit,  have  sometimes  failed  to  recc^ise  merit  or  to 
encourage  genius.  In  spite  of  the  impartial  dealings  of 
■  the  Institute,  on  which  Cuvier  congratulates  the  French 
people,  there  are  several  instances  in  which  contribu- 
tions of  the  first  order  lay  unnoticed  for  many  years. 


'  R«feTTii]g  to  Ibe  Britiab  Aaao- 
ciatioD  itself,  Charlea  Lyell  wrote 
ID  ISSa,  ftft«r  tbe  KencMtte  meet- 
tDg,  to  CbitrlM  DomiD :  "  Do  Dot 
let  any  papers,  whether  of  sainta 
or  limierB,  induce  ;ou  to  join  id 
ruDniDg  dawn  the  British  Associa- 
tion. I  do  not  mean  to  insiniote 
tliAt  you  ever  did  so,  but  I  have 
myiell  often  Men  its  faults  in  a 
BtroDg  light,  and  am  swore  of  what 
ma;  be  urged  against  philoeophers 
turning  publio  oraton,  jcc     But  I 


time,  that  in  this  countiy  no  im- 
portance is  attached  to  any  body 
of  men  who  do  not  make  occasional 
demonstration  B  of  their  strength  in 
public  meetings.  It  is  a  country 
where,  as  Tom  Moore  justly  oom- 
plained,  a  moat  exaggenled  im- 
portance is  attached  to  the  faculty 
of  tbbking  on  your  legs,  and  where, 
OS  Dan  O'Connell  nt£  knows,  no- 
thing is  to  be  got  in  the  way  of  hom- 
age or  influence,  or  even  a  fair  share 
of  power,  without  agitation  "  ('Life, 
Lettem,  and  Joumus  of  Sir  C.  Lyell,' 
London,  1881,  toL  iL  p.  IC,  tx.) 
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Fourier's  great  work  on  the  theory  of  heat,  which  tor  the 
first  time  proponnded  a  tmiversal  method  applicable  to 
the  matiiematical  treatment  of  almost  every  physical 
problem,  inasmuch  as  it,  so  to  q>eak,  follows  nature  into 
the  marvellous  composition  of  the  many  movements  out 
of  which  all  her  phenomena  are  compounded,  lay  buried 
for  fourteen  years  in  the  archives  of  the  Institute.  That 
great  authority  had  failed  to  recognise  its  paramount 
importance.'  Fresnel's  first  memoir,  which  established 
on  a  firm  mathematical  basis  the  nndulatory  theory  of 
light,  was  for  years  left  unpublished,  whilst  the  whole 
scientific  world  was  anxiously  expecting  the  results  of 
his  iuquiriee.*     In  Germany  we  have  eicamples  of  similar 


I  Jean  Bapt.  Joe.  Fourier  (1708- 
ISSO),  of  bumbla  origin,  in  hi* 
celebrated  'Thdorie  aDalvtique  de 
la  CluOeur'  (Puu,  1822),  Mid  in 
preTioui  momoira,  ouried  further 
the  mathematii^  treatment  of  phj- 
iic»l  pbenomonB  and  introduoM 
wider  ooncepUonn  of  mathematical 
guantitjea  and  their  dependence — 
i.e.,  at  a  mathematical  "function." 
Hia  ioTeatigatioaB  have  led  to  far- 
reaching  applioatioiu  in  phvaical 
■cience  (Ohm  and  Lord  Kelvin), 
and  to  profound  mathematical  theo- 
ries  (Dirichlet,  Riemann,  be.)  The 
■o-called  "  Fourier  "  leriea  has  thus 
a  great  applied  as  well  as  theoreti- 
cal interest.  Fourier's  Qrst  memoir 
mw  presented  to  the  Institute  in 
1S07  ;  an  extract  was  published  in 
1808 ;  a  second  memoir  was  pre- 
•voted  in  1811  and  crowned,  but 
was  not  printed  till  1324,  two  fears 
after  the  great  work  itself  had  ap- 
peared. On  the  physical  importance 
of  Fourier's  analysis  see  Helm- 
holts,  '  Vortrage  und  Reden,'  voL  L 
LlOl,  ftc ;  Sir  W.  Thomsoo, 
thematical  and  Physical  Papers, 
ptuiim,  but  etpeciall;  vol  iu  p.  41, 
VOL.  I. 


Ac  On  the  purely  Diatbematical 
intereat  that  attaches  to  the  Fou- 
rier series  see  especially  Bienunn, 
'Hathematiache  Werke,'  p.  213, 
Ao.  A  very  craiciae  summary  of 
the  histoiT  of  the  seriee  is  also 
given  by  George  A.  Oibson  in  the 
'Proceedings  of  the  Edinburgh 
Mathemati^  Society,'  vols.  li,  and 
ziL  We  shall  revert  to  this  subject 
in  a  subeequent  chapter. 

*  Augustin  Fresnel  (17SS-1827) 
divides  with  Thomas  Young  the 
merit  of  having  established  the 
undulatory  theory  of  light  on  a 
Brm  baais.  His  first  memoir  on 
Difiraction  of  Light  was  present«d 
to  the  Academy  in  1815,  a  more 
extensive  paper  in  1816 ;  this  was 
crowned  in  1819,  but  not  printed 
till  1826.  Other  papers  of  his 
were  mislaid  or  lost.  The  delay 
in  bringing  before  the  world  these 
important  discoveries  haa  been  at- 
tributed to  the  opposition  of  La- 
place and  his  party  in  the  Institute, 
which  even  the  influence  of  An^[o 
could  not  overcome.  See  what  Sir 
John  HeTKbel  say*  in  1827,  refer- 
ring to  Fresnel's  memirir  of  1821  oa 
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diecour^^ment  and  neglect  being  thrown  in  the  way  of 
the  growth  ot  new  ideas.  Plucker  of  Bonn  laboured  for 
many  years  on  the  union  of  the  geometrical  and  analytical 
methods  in  the  treatment  of  geometry ;  but  he  found  so 
little  appreciation  that  he  abandoned  his  inveetigationa, 
and  only  resumed  them  when  in  after-yeara  a  similar  line 
of  thought  was  independently  developed  in  England.' 


Trsnsvene  Tibrationg,  which  the 
Academj  had  recommended  to  be 
printed  :  "  Wa  are  aoiry  to  observe 
that  thia  recommendBtion  has  not 
yet  been  acted  upOD,  and  that  thii 
importoDt  memoir,  to  the  regret 
and  duappointment  of  men  of  sci- 
ence throughout  Europe,  remaJDi 
jet  unpublished  "  ('  Ency.  Hetrop.,' 
article  "Light").  A  full  account 
of  the  opposition  and  difScultiee 
nhich  both  Toung  uid  Freanel 
had  to  encounter  will  be  found  in 
Whewell'a  '  Historj  of  the  Induc- 
tive Sciences,'  vol.  ii.  In  earlier 
times  B^umur  seems  to  have  ex- 
ercised a  similar  tyranny  in  the 
Aoedem;  of  Sciences :  see  Maury, 
*  Les  Acoddmiee  d'autretois,'  vol.  L 
pp.  280, 123;  oUoHuilay, 'Critiques 
and  Addresses,'  1890,  p.  112,  to. 

'  Julius  Pllicker  (1801-68),  pro- 
feasor  at  Bonn,  equally  known  in 
England  by  his  scientific  co-opera- 
tion with  Faraday  and  by  that 
with  Cayley  and  Salmon,  worked 
both  in  physics  and  geometiy  on 
independent  lines.  In  the  latter 
especially  he  brought  about  that 
union  of  purely  geometrical  and 
algebraic  methods  which  has  be- 
oome  iO  fruitful  in  the  developmont 
of  modem  geometry  and  modem 
algebra.  He  had  two  periods  ot 
original  geometrical  work.  The 
first  began  in  1826  (the  yew  of 
the  revival  of  mathematics  in  Ger- 
many), and  closed  in  1846.  His 
mathematical  researches  were  little 
noUeed  in  his  own  country,  where- 
as  in   France,  and   still   more   io 


England,  bis  name  was  well  known. 
After  having  published  in  184S  a 
'System  of  Qeometry,'  which  con- 
tained his  former  resulte  in  a  more 
methodical  form,  he  dropped  hie 
mathematical  reeearches  for  twenty 
years,  during  which  time  he  devoted 
himself  to  phvsical  investigations  ot 
great  originality.  By  these,  if  he 
had  not  been  a  personal  friend,  he 
might  almost  have  been  called  a 
rival  of  Faraday  (Q.  Chryatai  in 
'Ency.  Brit.')  During  a  visit  to 
England  in  1861  he  was  agree- 
ably surprised  to  meet  with  ap- 
preciative interest  from  English 
geometricianB,  who  had  independ- 
ently worked  on  the  some  lines  as 
he  had  done  twenty  years  earlier. 
He  was  thus  induced  to  resume  his 
favourite  studies,  and  to  develop  an 
idea  which  had  already  been  expres- 
sed in  his  last-named  work  of  1816. 
This  ted  to  a  new  fundamental  con- 
ception of  geometrical  forms,  in 
which  not  the  point  but  the  line 
is  the  element  of  space.  He  was 
not  spared  to  comideta  this  line- 
geometi7,  but  after  his  death  his 
pupils  found  sufficient  material  to 
put  his  researches  into  a  systematio 
form  under  the  title,  'Neue  Geo- 
metric  des  Raumes,  gegriindet  auf 
die  Betrachtung  der  geraden  linie 
als  Baumelement'  {Lnpzig,  1868 
and  1889).  See  Clebach  on  Julius 
Plilcker,  Qottingen,  1872.  A  very 
appreciative  noUce  ot  Plilcker,  iij 
U^irge  Chryatai,  will  be  found  in 
the  Gth  edition  of  the  '  Encydopee- 
diaBritannico.' 


b,Goo(^lc 


THE  8CIBNTIPI0  SPIBTF  IN  EafOLAHD. 


243 


GrasBmaiin,  in  his '  Aosdehuungslehre,'  published  in  1844, 
is  now  generally  admitted  to  have  originated  quite  a  novel 
way  of  considering  geometrical  relations.*  It  took  twenty 
years,  however,  before  he  succeeded  in  attracting  any  at- 
tention, and  bis  great  work,  of  which  the  first  edition  had 
been  sold  as  waste-paper,  was  later  on  reprinted  in  its 
original  form — mathematicians  having  now  begmi  to  study 
and  recognise  its  intrinsic  value.  Such  cases  of  neglect 
have  undoubtedly  been  much  more  frequent  in  England, 
where  even  at  the  present  day  no  central  oi^anisation 
exists  which  annually  collects  and  arranges  the  scattered  g 
labours  of  individual  workmen,  and  where  that  historical  awiwS- 
and  encyclopEedic  spirit  is  wanting  which  does  its  utmost 
to  guarantee  completeness  and  thoroughness  of  search 
and  of  research.     Men  of  the  greatest  eminence,  pioneers 


'  Bennuin  Qrawmum  (1806-77) 
woa  bom,  lived,  uid  diad  at  Stettin- 
He  did  not  succeed  till  late  in  lite, 
■nd  fully  thirty  yean  after  be  had 
publiahad  his  original  inTeatigations 
ID  geometry,  ia  gaining  for  these  the 
recognitioD  and  appreciation  which 
they  dOBerved,  Neither  he  nor  even 
Jacob  Steiner  at  Berlin  attained  to 
poaitiooa  worthy  of  their  ability  ; 
the  latter,  in  epite  of  his  connec- 
tion with  other  great  raathemati- 
oiana,  never  filled  the  chair  of  an 
ordinal?  proteuorehip,  whilst  the 
former  never  entered  the  sphere  of 
UniverBity  teaching  at  all.  The 
'  Ausdehnungalebre,'  aa  a  Dew 
branch  of  mathamaCica,  appeared 
in  1844.  It  ia  a  science  ot  pure 
extension,  the  application  of  which 
to  empirical  space  is  geometjy. 
Similar  investigations,  in  which 
Ipace  of  three  dimensions  is  con- 
sidered to  be  merely  a  particular  caae 
of  pure  extension  of  any  number  of 
dimensions,  which  are  not  necea- 
wuily  determined  by  the  same  pro- 


perties as  our  empirical  apace,  have 
become  familiar  since  the  publica- 
tion of  Riemann'B  celebrated  disMr- 
tatioQ  of  1864  (published  in  18»7), 
and  since  Helmholtz  was  led  to 
similar  investigations  by  oanstder- 
ing  the  different  dimensions  or 
monifoldneesei  of  our  sense  per- 
ceptions (see  his  'VortHi^  und 
Reden,'  in  many  paesagee].  Orass- 
mann,  who  at  the  end  of  his  Ufa 
witneawd  the  growing  appreciation 
of  his  ideas,  had  filled  up  the  in- 
terval with  entirely  diffbrent  studies, 
the  translation  of  the  '  Big- Veda' 
(Leipzig,  1876-77),  and  the  oompo- 
■ition  of  a  dictionatir  to  the  same 
{1872-7S).  He  eeenis  to  have  been 
the  only  mathematician,  besides 
Thomas  Young,  who  combined  the 
ability    for    exact     mathematico- 

K'  )rsi«al  sod  for  philological  atudies. 
th  oao  complain  of  having  been 
veiy  inaufficiently  appreciated  by 
their  contemporsriea.  See  Viotor 
Schlegel,  '  Hermann  Oraaamann,' 
Leipiig,  1878. 
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in  their  line  of  thought  and  discovery,  have  to  the  present 
day  remained  popularly  unknown  to  their  countrymen, 
who  have  not  only  neglected  but  reviled  them,  allowii^ 
their  great  discoveries  to  be  taken  up  as  their  own  by 
foreigners.  Such  was  Dr  Thomas  Young,  whom  many 
educated  persons  at  the  present  day  cannot  distinguish 
from  the  author  of '  Night  Thoughts.' '     The  great  founder 


1  Thomu  Young  (1779-1829),  a 
native  of  Somereatahire,  attained 
equal  eminence  by  hia  diocoTeries 
in  coQuection  witn  the  undulatory 
theory  of  light,  in  which  be  was 
the  flnt  to  aaaert  the  principle  of 
interference  and  that  of  traoaverse 
vibratioDa,  and  by  his  diacovery 
of  the  key  to  the  ayatem  of  hiero- 
glyphica.  Of  hia  dieOoTeriea  and 
euggeetioDH  aome  were  published  in 
anonymoua  review  articles  (bo  ea- 
peciuly  hia  bieroglyphical  papere) ; 
■ome  m  hia  Lectures  on  Natur^ 
Philosophy,  delivered  early  in  the 
century  at  the  Royal  Inalitution, 
and  published  1S07  ;  aome  in  the 
'  Tranaactiona  of  the  Royal  Society ' 
(from  18O0  ouwarda) ;  and  some  in 
TarioUB  oollectiTe  worka,  eepecially 
the '  EnOTclopiedia  Britannica.'  The 
renurkable  fact  that  Young,  of 
whom  Helmholtz  aaya  ('Vortrige 
und  Reden,'  vol.  i.  p.  279]  that  be 
came  a  genention  too  soon,  re- 
m^ed  BcientiGcnlly  unreoogniaed 
and"  popularly  almoet  unknown  to 
his  countrymen,  haa  been  explained 
by  bia  unfortuoate  manner  of  ex- 
preaaion  and  the  peculiar  channels 
through  which  bia  laboura  were  an- 
nounced to  the  world.  His  fre- 
quently unintelligible  atyle,  hie  ob- 
scure and  inel^ant  matbematica, 
the  hatntual  incognito  which  he  pre- 
aerred,  bia  modeety  in  replying  to 
attacks,  and  his  general  want  of 
method  in  enunciating  his  ideas,  con- 
trast vet7  markedly  with  the  writ- 
ing* of  aom«  of  his  rivala,  espe^ally 


in  France,  where  the  qualities  of 
atyle,  method,  and  elegance  were 
highly  developed,  and  where  recog- 
nised organs  existed  for  the  pub- 
lication of  works  of  geniua.  The 
hiatorian  of  thought,  however,  must 
not  omit  to  state  that  seTerkl  great 
namea  contributed,  by  the  autlior- 
ity  they  commanded,  to  oppose 
Toung'a  claims  to  originality  and 
renown.  Lord  Brougham,  shielded 
by  the  powerful  anonymity  ol 
the '  Edinburgh  Review,'  and  osten- 
tatiously parading  the  authority  of 
Kewton,  Bubmitted  the  views  of 
Young  to  a  ruthleas  and  unfair 
criticiam,  the  popular  inSuence  of 
which  Young  probably  never  over- 
came. The  great  authority  on  op- 
tics, Brenater,  who  has  enriched 
that  adence  by  such  a  number  of 
experiments  and  obeervationa  of 
the  E™t  importance,  never  really 
adopted  the  theories  of  Young  and 
Fresnel.  In  the  other  great  branch 
of  research  with  which  Young's 
name  is  now  indissolubly  connect- 
ed, in  the  science  of  hieroglyphics, 
the  authority  of  Bunsen  decided 
against  Young  and  for  the  l^Vench- 
man  Champollion.  But  this  de- 
cision, which  did  so  much  to  ob- 
scure the  merits  of  Young,  was 
founded  on  an  insufficient  know- 
ledge of  the  dates  of  Young's  pub- 
licationa.  Since  theae  were  collect- 
ed by  Leitch  in  the  third  volume 
of  the  'Miscellaneous  Works'  of  Dr 
Young  (London,  1855),  the  chrono- 
logy of  his  discoveries,  which  b^ln 
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of  modem  chemifitry,  who  next  to  Lavoisier  did  more 
than  any  one  else  to  introduce  into  this  science  mathe- 
matical ideas,  John  Dalton,  grew  old  and  infirm  before 
his  conntrymen  sufficiently  reci^jinised  and  honoured  him. 
Deprived  of  all  but  the  very  meanest  apparatus  for  the 
proofs  of  his  theories,  and  yet  able  to  do  what  he  did, 
what  might  not  such  a  genius  have  accomplished  if  he 
had  possessed  the  means  of  a  Gay-Lussac  or  a  Begnault  f ' 


in  1814,  hu  been  well  e>toblk)ied. 
S«e  Beafflir, '  Oescbkhte  der  Spnwh- 
wiiwnachkft'  (Hdnchen,  ISflS,  p. 
72S).  Buuseii  pronounced  hu  ver- 
dict in  his  well-known  work, 
*  Egypt's  Place  in  Universal  His- 
toij,"  published  in  1846-E7.  On  the 
whole,  the  words  uf  Feaoock,  '  Life 
of  Dr  Young'  (London,  18G6),  p. 


472,  ft 


I  >tiU  o 


"Hia  n 


tiGc  works  were  rarely  read  and 
nei«r  appreciated  by  bis  contom- 
porariet,  and  even  now  are  neither 
•ufflcienlly  known  nor  adequately 
valued;  whilst  if  justioe  wu  award- 
ed more  promptly  and  in  more  lib- 
eral Doeasure  by  hu  own  conntrymen 
to  his  hieroglypbiMd  labours,  these 
also  were  singularly  unfortunate,  as 
fiu-  a*  concmned  the  general  diChi- 
uoD  of  bis  fame,  by  coming  into 
collision  with  adverse  claims,  which 
were  most  unfairly  and  unscrupu- 
lously urged  iu  his  own  age,  and 
not  much  less  so  by  some  distin- 
guished   writers    in    vety    reoent 

'John  Dalton  (173S-1814),  a 
native  of  Cumberland,  spent  the 
greater  part  of  his  life  in  teaching 
elementaty  mathematics  at  Man- 
chester, Qrst  at  a  college  and  then 
privately.  In  1801  he  propounded 
the  law  known  under  tiie  joint  name 
of  Dalton  and  Qa;-Lusaao  (who 
stated  it  six  months  later).  In  the 
year*  immediately  following  he  ela- 
borated bis  atomic  theory,   wbioh 


tboae  definite  quantitative  relations 
between  the  chemical  constituents 
of  bodiee  known  already  to  Richter. 
It  was  published  in  1805.  But  the 
man  who  did  moat  Ut  make  known 
to  (jiemists  the  ideas  of  Dalton  was 
Thomas  Thomaon  (1773-1852),  Pro- 
fessor of  Chemistry  at  Qla^ow,  who 
in  IS07,  in  the  Srd  edition  of  his 
*  System  of  Chemiatiy, '  gave  an  ac- 
count of  the  alomio  theory  based 
upon  communications  of  Dalbon- 
Tno  memoirs  published  in  the 
'Philosophical  Transactions'  of 
1808 — one  by  Thomson  on  "  Ozalio 
Acid,"  and  one  by  Wollaaton  on 
"Su^-Acid  and  Sub-Acid  Salts" 
— pointed  to  the  great  importance 
of  the  atomic  theory,  which  (Wol- 
laston  prophetically  added)  would 
not  stop  abort  with  the  determin- 
ation of  the  relative  weights  of 
elementary  atoms,  but  would  have 
to  be  completed  by  a  geometrical 
conception  of  the  arrangement  of 
the  elementary  partidea  in  all  the 
three  dimensionB  of  aolid  exten- 
sion. The  real  merit  of  having  ex- 
perimentally proved  the  theory  of 
Dalton  belongs  to  Benelius,  wberCM 
Sir  Humphry  Davy  opposed  it  for 
many  years  after  it  had  been  ao. 
cepted  abroad.  Dalton  himself  by 
no  means  followed  the  development 
nhich  his  ideas  underwent  at  the 
hands  of  others.  For  example,  he 
opposed  Oay-Lussac's  law  of  vol- 
umes. He  was  on  the  whole  more 
suoceesful  In  woiiing  out  his  own 
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Faraday,  instead  of  being  backed  by  a  wealthy  Academy 
and  ample  assistance,  had  during  all  the  years  when  his 
great  diecoveriea  were  being  made,  to  keep  alive,  with  an 
income  scarcely  exceeding  a  hundred  pounds  a-year,  an 
institution  which  but  for  him  the  memory  even  of  auch 
names  as  Bumford,  Young,  and  Davy  would  not  have 
sufficed  to  preeerve  from  utter  ruin  and  collapse.'  The 
autiior  of  one  of  the  most  suggestive  treatises  in  the 
application  of  mathematics  to  physical  phenomena, 
Gieoi^  Oreen,  published  it  in  1828  at  Nottingham  by 
private  subscription.  Seventeen  years  later,  William 
Thomson  (Lord  Kelvin)  tried  in  vain  to  procure  a  copy 


ideaa  than  in  comprehending  thoxe 
of  othera  whu,  like  Berzeliuo,  Mita- 
cherlich,  Laplace,  Llebig,  and  monjr 
later,  contributed  to  the  oonfinna- 
tion  of  tha  atomic  theory.  A  good 
MMOunt  of  this  ia  given  in  Heniys 
'Life  of  Dalton'  (lefil)  and  ia 
Kopp's  '  BDtwicbelung  der  Chemie 
ID  der  neuereo  Zeit'  (MUnchen, 
1873). 

■  Michael  Faraday  (1781-1897), 
though  not  a  mathematiciaa,  intro- 
duced into  the  science  of  electricity 
those  ideai  which  have  since  been 
developed  into  a  mathematical  the- 
ory approaching  in  oompleteneia  the 
mathematica  of  the  undulstor;  the- 
ory of  light.  What  the  atomic  the- 
ory  bse  done  for  cbemiBtry,  Fara- 
day'a  linea  of  toroe  are  now  doing  for 
eleotrical  and  magnetic  phenomena. 
DaltoQ,  though  unacquainted  with 
the  higher  mathematics  of  the 
French  school,  had  esaentiallj  a 
mathematical  or  arithmetical  mind. 
Faraday's  peculiar  ideaa  on  the 
nature  of  electrical  and  magnetic 
action,  though  supported  by  an  ex- 
perimental knowledge  many  times 
BUipasaing  in  volume  and  aecuratnr 
that  of  DaltoD,  did  not  find  much 
apprecutioo   among   hia  contem- 


poraricH.  The;  were  much  mar» 
interested  in  hts  eiperimentsl  re- 
searches than  in  bis  tbeoriea.  In 
France  ant^Italy  Faraday's  eminence 
was  recognised  early.  Already  in 
1823  he  was  elected  member  of  the 
Academies  of  Paris  and  Florence, 
almost  before  any  aociety  at  home 
had  received  him.  "The  circum- 
stances under  which  Faraday's  work 
waa  done  were  thoae  of  penury. 
During  a  great  part  of  the  twenty- 
six  years  the  Royal  Institution  was 
kept  alive  by  the  lecturea  which 
Faraday  gave  for  it.  '  We  wer« 
living,'  aa  he  once  said  to  the 
manageie,  'on  the  paring*  of  our 
own  skin.'  He  noted  even  the 
expenditure  of  the  farthings  in 
research  and  apparatui.  He  ha4' 
no  grant  from  the  Royal  Sosiety, 
and  throughout  almost  the  whole- 
of  his  time  the  fixed  income  which 
the  Institution  could  afford  to  give 
him  waa  £100  a-year,  to  which  th» 
Fullerian  professorship  added  nearly 
£100  more"  |Bence  Jonee,  "^Lifeand 
Letters  of  Faraday,'  LondoD,  1870,. 
vol.  iL  p.  344).  See  also  Bence- 
Jonee,    '  The    Royal    InstitotionK 

p.  sn. 
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of  this  document,  of  which  he  kaew  by  a  reference  in 
another  work.  At  last  he  got  poeaesBion  of  a  copy  which 
had  probably  during  all  this  time  been  buried  in  the 
library  of  a  prominent  mathematical  tutor  at  Cam- 
bridge, "with  whom  he  had  been  in  frequent  intercourse. 
Thomson  then  took  it  with  him  to  Paris,  where  Sturm 
and  Liouville  at  once  recognised  its  merits.  He  then 
published  it  in  '  Crelle's  Journal,'  where  it  has  ever 
since  been  referred  to  as  a  fundamental  essay  on  the 
so-called  potential  theory.^  One  of  the  most  original 
thinkers  on  mathematics,  who  introduced  a  novel  prin- 
ciple into  a^braical  science,  Geoi^e  Boole,  never  at-  u. 
tained  to  a  h^her  petition  than  that  of  teacher  at  a 
remote  Irish  provincial  College.'  But  perhaps  the  most 
s^al    example    of    the    want   of   support   which    the 


'  See  note  1  to  p.  231  ;  also  Sir 
WillUm  Thonwon,  reprint  of  p»perg 
on  "  Electroatatici  Bad  Hagiiet- 
iam,"  2nd  ed.,  London,  1884,  p.  2, 
note;  p.  12S,  note. 

■  aeorgeBoole(1816-S4),>natiTe 
of  lincolnshire,  wu  ooe  of  the  few 
gi«>t  uid  original  mathematieiMia 
who,  like  Leibniz  and  Qrassmonn, 
and  to  aame  extent  Qaius,  looked 
at  the  logical  at  well  sa  the  purely 
arithmetical  aide  of  the  language 
of  ijmbaU,  Thaugti  hie  treatiseH 
On  'Differential  Equationa'  (ISSS) 
and  on  'Finite  DifFerencea'  (18S0) 
have  become  weil-known  lait-booka, 
and  bia  'Lawa  of  Thought' (1861), 
in  which  he  eiuiun«d  the  found- 
Kdons  of  the  mathematical  theoriea 
of  logic  and  prnbabilitiee,  remains  a 
unique  work,  hia  priocipftl  Bervicee 
to  acience  lie  in  the  direction  of 
the  "calcuIuH  of  operstJonB."  In 
thia  branch  of  mathematics,  which 
ia  peculiar  to  England,  the  aym- 
boH  indioBliDg  an  arithioetieal  op- 


eration are  aeparated  from  thoso 
denoting  i^uuitity  and  treated  aa 
distinct  objecta  of  calculation.  In 
oonnection  with  theae  invettiga- 
tioDi,  man;  of  which  have  now 
penetrated  into  ordinary  teit- 
booka,  Boole  w&a  led  to  examine 
the  conditJona  under  which  and  the 
forma  in  which  algebraical  exprea- 
Mona,  whiltt  undergoing  changea 
and  trtmaformaUonB,  remain,  noTer- 
theleaa,  unaltered  (invariant)  (1841). 
Bj  introducing  thia  point  of  view 
he  haa,  ao  to  apeak,  created  modem 
algebra ;  founding  the  extensive 
and  fruitful  acience  of  "Invari* 
anta."  Of  thii  we  shall  treat 
later  on.  I  now  only  refer  to  tbe 
further  development  of  thia  aub* 
jeot  in  the  himds  of  Cayley  and 
Sylvester,  and  to  the  valuable 
aketch  of  the  htatory  of  thia  branch 
of  mathematics  by  Dr  F,  Mayer  in 
the  flrat  volume  of  the  'Jahrea- 
bericht  der  deutachen  Mathemati- 
ker-Tereinigung,'  Berlin,  181)2. 
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wealthiest  of  natione  has  shown  to  scientific  genius  is 
to  be  found  in  the  history  of  Babbage's  calculating 
engine.  Tet  this  machine  was  approved  by  all  experts 
— English  and  foreign — during  the  inventor's  lifetime; 
and  the  Beport  of  a  Commission  of  the  British  Abso- 
ciation  appointed  specially  to  examine  into  the  matter, 
concluded  by  stating  that  the  scheme  was  perfectly  feas- 
ible, and  might,  if  carried  out,  mark  an  invention  as  great 
probably  as  that  of  logarithms.'  Who  among  us  who 
has  been  interested  in  the  promotion  of  institutions  for 
higher  education  has  not  a  stoiy  to  tell  of  pecuniary 
troubles,  continued  through  many  a  long  year,  whilst 
the  wealth  of  the  country  seemed  to  exert  it«  influence 
only  in  the  direction  of  making  the  demands  on  a.  strug- 
gling establishment  more  formidable,  the  expenses  more 
difficult  to  defray  ? " 

'  On  Babbwe  me  p.  233,  Dote  1. 
The  history  of  tha  "  differenca  ea- 
ginea"  and  tha  "aDAtjtiail engine" 
ia  given  by  Babbage  hinuelf  in  hii 
'  Puaagee  from  the  Life  of  a  Phil- 
osopher.' See  also  Weld,  '  Hietoiy 
of  the  Bo/al  Society,'  yoL  iL  p. 
3S9,  &c. 

'  Like  tha  Hoybl  Society,  which 
(or  a  ceotur;  had  to  atmggle 
with  poverty,  the  Royal  Institu- 
tioD  ha*  a  aUnrj  to  tell  of  want 
of  funds  tbrougb  a  loog  period  of 


Jones,  'The  Royal  InstitutioD,' 
London,  IS71,  pp.  202,  2S1.  The 
Royal  Inslitulion  was  founded  by 
Benjamin  Thomton,  Count  Bum- 
ford  (I763-I814),  and  had  origin- 
ally not  a  Bcientific,  hardly  aran  a 
higher  educational  object.  The 
■cheme  arose  in  the  mind  of  its 
founder  after  ha  had  auccemfully 
exerted  himself  at  Hunich  under 
the   patronage   of   the  Elector  of 


Bavaria  ia  founding  in  dustiial  work- 
houses, improving  the  state  of  the 
army,  and  putting  down  beggary 
and  immorality  in  the  capital  and 
oountry.  His  priudple  was  to 
make  "  vicious  and  abandooed 
people  first  happy  and  then  virtu- 
ous^' (p.  31).  After  leaving  Mun- 
ich in  i7B3  and  spending  two  years 
in  Italy,  similarly  occupied,  he 
visited  London  in  i7B5  in  order  to 
publish  his  Essays,  which  appeared 
separately  between  179S  and  1802. 
The  first  essay  contained  "  a  pro- 
posal  for  forming  in  London  by 
private  subscription  an  establish- 
ment for  feeding  the  poor  and  giv- 
ing them  useful  employment,  .  .  . 
connected  with  an  institution  for 
introducing  and  bringing  forward 

and  improvements,"  ic,  &o.  (p. 
44).  The  Erst  outcome  of  this  was 
the  formation  of  a  sodety  for  en> 
couraging  industijr  tmd  promoting 
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But  it  is  hardly  the  duty  of  the  hiBtorian  of  thouj^t  to 
record  that  which  belongs  more  to  the  impediments  of 
mental  prepress  than  to  its  promotion,  were  it  not  that 
in  and  tbroi^h  these  peculiar  circumstances  the  genius 
of  the  nation  has  developed  its  main  features,  its  strong 
character.     These  are  manifest  as  much  in  the  depart-       as. 

Chumntn- 

ment  of  science  as  they  are  in  general  hterature  and  m  'i^^?f 
the  institutions  of  practical  life.     British  science  through  ««»«'''■ 
all  the  centuries,  since  the  time  of  Rc^r  Bacon,  and 
in  spite  of  the  efforts  of  his  illustrious  namesake,  has 


e  of  it 

members.  To  a  oomm[ttea  of  thin 
Society  Count  Eumford  submitted, 
in  17BB,  hU  proposals  for  forming 
the  Royal  Institution,  Mid  it  was 
accordiDglj  founded  in  Febniarv  of 
that  year  on  private  subacriptioni 
of  fifty  guineas  each.  It  was  de- 
scribed as  a  "public  Institution 
for  diOlisiiig  the  knowledge  and 
facilitating  the  general  introduc- 
tion  of  useful  mechanical  iaveD- 
tiona  and  improvementa,  and  for 
teaching  by  courses  of  philosophical 
lectures  and  experiments  the  appli- 
cation of  idenoe  to  the  common 
purposes  of  life."  In  the  course  of 
a  very  few  years  the  original  char- 
acter of  the  loBtitutioQ  enUrely 
changed,  the  aim  of  influencing 
directly  the  condition  of  the  poor 
wu  lost  sight  of,  and  littla  re- 
mained besides  the  result  of  "  bring- 
ing science  into  some  de^jree  of 
fashion  "  and  "  affording  a.  new  em- 


as 


_  ir  classes  of  life."  The  inter- 
est of  the  Institution  for  the  his- 
tory of  thought  is  the  fact  tikat  in 
it*  labonttory  Davy  and  Faraday 


conducted  their  reeearchefl,  and  that 
they,  as  well  as  Young,  Colnidge, 
and  Sydney  Smith,  there  delirered 
their  lectures.  And  the  biatoiy  of 
the  Koyal  Institution  is  also  typical 
of  the  history  of  other  eatatuish- 
ments  for  higher  culture  in  thii 
country  1  it  ha*  been  in  it*  mun 
features  repeated  on  a  laif^  or 
smaller  scaie  in  many  provinciikl 
sometiea,  and  notably  in  the  col- 
leges of  Manchester,  Birmingham, 
Liverpool,  Newcastle,  Leeds,  Bril- 
to),  Nottingham,  be  Started  by 
persons  with  large  but  nerertiieleB* 
iDsulBcient  means,  or  by  subscrip- 
tion* and  endowment*  of  moderate 
extent,  obliged  to  gain  popularity 
and  fashionable  support  in  order  to 
meet  their  growing  expenses,  then 
institutions  have  depended  mostly 
on  individual  energy  for  their  flnt 
successes,  and  have  all  bad  to  pa** 
through  periods  of  great  dJfBculty, 
till  in  course  of  years  they  have 
acquired  a  special  character  of  use- 
fulness and  deBned  their  peculiar 
sphere  of  action.  The  absenoe  of 
a  dafloita  programme  and  a  great 
wosto  of  energy  and  fond*  over 
special  departures  are  not  un- 
oommott  features  of  these  develop- 
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refused  to  congregate  in  distinct  schools  and  institutions 
or  to  be  localised  in  definite  centres.  The  Boyal  Society, 
the  Koyal  Institution,  the  British  Association,  and  many 
other  smaller  societies,  have  all  more  or  less  started  with 
the  programme  of  Lord  Bacon,  and  have  failed  to  revise 
it :  everywhere  the  schemes  of  co-operation  or  oi^antsed 
scientific  research  have  encountered  the  opposition  of 
individual  pursuits  or  of  local  interests. 

Newton  could  not  secure  the  use  of  Flamsteed's  obser- 
vations, which  on  their  part  remained  uncompleted  and 
unpubhshed  through  the  want  of  appreciation  of  others. 
Great  schemes  in  practical  life  have  been  carried  out 
by  the  unaided  efibrts  of  eminent  persons,  and  great 
ideas  have  been  put  forward  with  all  the  power  and 
M.       all  the   resources  of  individual  eenius'  but  no  great. 

Abuncaot  .        .-  ,  T 

"?*u(Lo'  ^ftsl^r  in  scientific  research  in  this  country  can  point 
thought,,  jq  a  compact  following  of  pupils — to  a  school  which 
undertakes  to  finish  what  the  master  has  begun,  to  carry 
his  ideas  into  far  regions  and  outlying  fields  of  research, 
or  to  draw  their  remoter  consequences.  Newtonianism 
was  a  creation  of  Voltaire ;  the  school  of  Locke  is  to  be 
found  in  France ;  the  best  realisation  of  Bacon's  schemes 
are  the  Eneyclop^die,  the  French  Institute,  and  the 
foreign  Academies.^     Dr  Young's  discoveries  in  optics 

'  See    Huxley,    '  Lay    Sermona,  lutive  intellectual  iotce,  aod  of  « 

Ac.,' edition  of  1891,  p.  43:  "Eog-  Btreugth   of  cb«nu:ter  which   will 

land  ooD  show  now,  as  she  baa  been  not  recognise  impedimenta.    They 

able  to  show  in  eiei7  generation  are  not  trained   in  the  oourti  en 

■ince  (uviliwtion  Bprnd  over  the  the  Temple  of  Science,  but  atorm 

Weat,    individual   men   nho    hold  the  walla  of  that  edifice  in  all  aorta 

their  own  sgaiDst  the  world,  and  of  irregular  waya,  and  with  much 

keep  allre  the  old  tradition  of  her  loss  of  time  and  power,  in  order  to 

intellectual  eminence.     But  in  the  obtain  their  Intimate  poaitions." 
majority   of  caaea  theae  men   are  '  See  above,  pp.  Si,  K. 

what  tbey  are  in   virtue  of  their 
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and  hieroglyphics  were  made  known  to  the  learned  world 
through  his  French  contemporariee.  Dalton,^  Charles 
Bell,*  Faraday,  Darwin,  and  Maxwell,  no  leas  than 
Beatley  and  Gibbon,'  have  furnished  the  text  for  lecture- 
conrses  in  German  universities,  and  created  a  vhole 
literature  of  pamphlets  and  scientific  memoirs.*  English 
societies  may  sometimes  honour  and  admire,  but  they  do 
not  support,  their  great  representatives,  and  these  them- 
selves often  refuse  to  be  tied  by  exclusive  academic 
duties,  still  more  by  official  restrictions.  Two  charac- 
teristics have  marked  most  of  them :  they  have,  at  all 
expense  and  sacrifice,  guarded  their  individual  freedom 
of  thought,  and  they  have  almost  always  shown  a  great 
desire  to  combine  some  application  with  their  abstract 
researches,  to  take  part  in  the  great  practical  work  of 
the  nation.  Continental  thinkers,  whose  lives  are  devoted 
to  the  realisation  of  some  great  ideal,  complain  of  the 
want  of  method,  of  the  erratic  absence  of  discipline,  which 
ie  peculiar  to  English  genius.  The  fascination  which 
practical  interests  exert  in  this  country  appears  to  them 
an  absence  of  full  devotedness  to  purely  ideal  pursuits.^ 
of  lecture*  on  Huiwe)]'*  electrio 


uid  piictl- 
—Itaodancr 


>  S«e  aboTB,  p.  24G,  note. 
'  See  kboTo,  p.  193,  Dote. 

*  See  above,  p.  169,  note. 

*  Q«nuaiiy  may  be  said  to  haTe 
produced  DancinMiniii  in  thji  cen- 
tuiy  a*  IFVance  created  Neidonian- 
inK  ID  the  last.  Huxley  irritee 
('Lite  of  Darwin,'  toL  iL  p.  186) : 
"N<M«  of  us  dreamed  (in  I860) 
that  in  the  oourae  of  »  lew  years 
the  atrength  (and  perhaiie  T  may 
add  the  weaknese)  of  i>artRntnnu( 
would  hare  its  most  extemiTe  and 
moat  brilliant  illnitrattonB  in  the 
land  of  leaming."  Quite  recently 
Prof,  Boltzmann  at  Huuidi,  and 
M.  Taaeui,  have  publi«hed  couiim 


"  'VS'hat  appears  irksome  to  an 
English  geniiu— the  red  tape  of 
academic  restrictions,  the  bsrriers 
of  officialism,  and  the  duties  of  the 
t««ober^meited  away  in  the  glow 
of  enthusiasm  and  love  of  truth 
which  animated  the  great  leaders 
and  founders  of  university  culture 
abroad  ;  u  Qoethe  has  told  us  that 
the  rigid  form  of  the  sonnet  melts 
in  the  terrour  of  the  love-song ; 

"Du  Allentamta  trendli  subouluiHl- 
Unss  UebssRniec  sUcenltlgglUhwi." 
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The  English  man  of  science  would  reply  that  it  is  unsafe 
to  trust  exclusively  to  the  guidance  of  a  pure  idea,  that 
the  ideality  of  Gennan  research  has  frequently  been 
identical  with  nnreahty,  and  that  in  no  countiy  has  so 
much  time  and  power  been  frittered  away  in  following 
phantoms,  and  in  systematising  empty  notions,  as  in  the 
Land  of  the  Idea ;  but  he  would  as  readily  admit  that 
his  own  country  is  greatly  deficient  in  such  organisations 
for  combined  scientific  labour  as  exist  abroad,  and  that 
England  possesses  no  well-trained  army  of  intellectual 
workers. 
it.  These  differences   between   English    and   Continental 

ciXriUM  Bcience  were  most  pronounced  in  the  first  half  of  the 
,  present  century,  when  Germany  developed  her  university 
system,  when  France  clearly  defined  the  exact  scientific 
methods,  and  when  the  encyclopeedic  view — peculiar  to 
the  historical  and  philosophical  pursuits  of  the  earlier 
years — gradually  became  dominant  in  the  exact  sciences 
also.  Since  then  the  intercourse  of  the  different  nations 
has  done  much  to  destroy  these  national  peculiarities. 
The  reform  of  the  universitiee,  in  which  Germany  was 
engaged  in  the  early  years  of  the  century,  did  not  touch 
the  English  universities  before  the  middle  of  the  century. 
In  the  meantime  quite  different  demands  had  sprung  up 
all  through  the  civilised  world ;  and  as  nothii^  repeats 
itself  in  history,  it  will  be  impossible  to  reach  in  this 
country  the  same  broad  oi^anisation  for  purely  intellec- 
tual work  as  Germany  can  rightly  boast  of  during  the 
period  we  are  dealing  with.  Some  persons  doubt  whether 
it  will  be  maintained  in  Germany.  It  appears  still  more 
doubtful  whether  such  an  organisation  could  now  be 
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created  in  the  face  of  the  induBtrial  spirit  of  our  age.  Ever 
since  the  latter  half  of  the  eighteenth  century  schemes  for 
a  general  education  of  the  masses  have  attracted  the 
thought  and  the  attention  of  philanthropists  and  states- 
men  in  man;  countries  of  Europe.  But  the  directions 
taken  by  these  educational  efforts  have  been  character- 
istically different  in  the  different  countries,  and  their  suc- 
cess, BO  far  as  the  great  masses  of  the  people  are  con- 
cerned, has  been  very  partial  indeed.  It  is  true  that 
during  the  first  thirty  years  no  country  possessed  such 
distinguished  schools  of  science  as  did  France  in  the  great 
scientific  and  medical  institutions  of  her  capital  It  is 
also  true  that  no  country  equalled  Qermany  in  her  system 
of  universities  and  higher  schools,  which  had  come  under 
the  infiuence  of  classical  learning  and  philosophical  ideals. 
Eogland,  which  at  that  time  took  no  part  in  the  educa- 
tional movements  of  the  Continent,'  possessed,  neverthe- 

look  with  admir&tion  to  the  earlj 
work  done  in  Scotland,  which  in 
this  respect  lomewbat  resemblee 
Switierl&nd.  The  Scotch  ajitem  of 
parochial  Kbooli,  and  Ibeir  ^fluence 
on  the  education  of  the  people, 
b«  been  too  little  studied  abroad, 
though  rightl;  extolled  at  home.  It 
ui  true  that,  with  the  exception  of 
Calnn,  none  of  the  gnat  Continen- 
tal sducationaliatB — such  aa  Fine* 
Ion,  KoUHieau,  Peataloizi,  or  W. 
Ton  Humboldt — baie  bod  any  di- 
rect influence  on  Scotland  ;  nor  hM 
the  educational  work  ot  Scotland 
produoed  any  great  educational 
litentur*  like  that  which  Switzer- 
land can  boast  ^of,  and  which  has 
brought  the  theoir  of  edimtion 
to  proDtiDsntl;  beiora  lh«  world. 
But  neverthelesi  there  it  abuid*, 
thia  creatioD  of  John  Enox  and 
the  early   Reformeis.      "Civiliaed 


*  Thia  statement  requires  two 
qualifications.  Fintly,  both  Hilton 
and  Locke  have  had  great  influ- 
ence in  spreading  ealigbtened  viewe 
rcffarding  the  principlea  imd  the 
object  of  eduoation  in  general — 
eapeoi&Uj  in  the  directioD  of  en- 
larging the  idea  of  education,  so  as 
to  make  it  comprise  something  more 
tb&D  nierely  instruction  and  pedan- 
tic teaching.  I  cannot  find,  how- 
ever, that  in  England,  either  in  the 
direction  of  higher  univeraity  edu- 
cation or  of  a  genera]  system  of 
popular  education,  their  inSuence 
has  been  Tery  marked.  Locke's 
ioSuence  abroad,  through  his  pay- 
choiogicat  analyaie  of  the  mind,  has 
been  *ery  considerable.  Secondly, 
in  the  dii«ction  of  practioal  educa. 
tion,  of  the  endeavour  to  reach 
large  numbers  of  the  people  by 
educational  institutions,  we  must 
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leas,  something  peculiar  in  her  two  great  tiniverBities. 
a  at  It  waa  neither  the  scientific,  nor  the  classical,  nor  the 
■•  philoBophical  spirit  exclusively  which  reigned  there ;  if 
any  or  all  of  them  had  ruled,  we  should  not  meet  with 
those  repeated  complaints  that  higher  mathematics  were 
absent  in  Cambridge,  that  no  pbilol<^cal  studies  were 
cultivated  in  either  of  the  universities,  and  that  philosophy 
was  repre8ent«d  merely  by  Aristotle,  Butler,  Locke,  and 
Paley.*    According  to  the  representatives  of  the  university 


Europe haa  never  witneesed  a  nobler 
8p«Ctacle  tluui  the  Rnt  Prat«iibuiU 
of  SootlsDd  in  the  awembly  of  tbe 
tutinn  dsmftading  that  from  the 
funds  before  abused  by  a  licBiitiou> 
superatition  one  -  third  should  be 
d«vot«d,  not  to  iDcrease  the  rer- 
euue  of  the  Reformed  Church,  but 
to  the  education,  the  univenal  edu- 
cation, of  the  youth  in  all  depart- 
maata  of  jnatruction,  from  the  high- 
«t  to  tbe  lowest"  ('North  Brit. 
Bay.,'  12,  p.  1S3). 

'  Aa  to  the  deficient  mathemad- 
0*1  teaching  at  Cambridge,  see  p. 
233,  note,  &c.  The  complaints  re- 
garding the  teaching  of  other  Bub- 
jecte  are  frequeut,  but  belong  to  a 
later  date,the  middle  of  thecentury, 
when  the  Royal  Commia«ion  of  In- 
quiry, which  was  appointed  under 
the  Oovemment  of  Lord  John  Rua- 
aell  on  the  31st  August  1850  and 
expired  with  tbe  preeentation  of  its 
report  on  the  80th  August  1852, 
attracted  the  attention  of  the  pub- 
lic to  university  reform,  aud  gave 
rise  to  a  very  full  diacuuian  of  the 
whole  subject  in  the  varioua  liter- 
ary papers  and  reviews.  The  two 
older  universities  are  called  "cita- 
dels of  political  prejudice  and  sec- 
tarian eiclueiveueBi,  instead  of  be- 
ing tbe  temples  of  liberal  arts  aud 
iba  repositories  of  science"  ('Brit. 
Quart.  Review,'  1880,  July,  p.  205). 
Theology  is  stated  to  be  "the  last 


thing  teught  at  Cambridge"  (ibid., 
p.  221);  there  was  no  profeasor  of 
Latin,  none  of  English  literature, 
of  logic  and  metaphysics,  of  modern 
languages  (p.  225).  In  1849  Cam- 
bridge had  no  laboratory  ;  the  uni- 
versities took  no  part  in  the  legal 
training  of  lawyers  ('EMin.  Rev.,' 
Aprill849,p.  511);  Oxford  afforded 
no  training  in  natural  scieni*  (ibid.) 
Cambridge  "eacriSced  to  the  mon- 
opoly of  a  severe  geometry  every 
other  exercise  and  attainment  <u 
the  human  mind.  There  was  no 
theological  study,  no  study  of  his- 
tory, none  of  moral  science,  none  of 
chemistry,  none  even  of  experi- 
mental pbitosophy"  (ibid.,  p.  514). 
These  criticisms  were  fully  justified 
by  the  Reports  of  the  Commissions 
published  in  1852.  See  on  the  teach- 
ing of  Theology  at  Cambridge,  Re- 
port, pp.  89, 102  ;  Evidence,  pp.  88, 
168,  leO,  216  :  on  the  teaching  of 
Latin,  Rep.,  pp.  98,  102  ;  Evid.,  pp. 
16S,  176,  289  :  on  the  teaching  of 
English,  Evid.,  pp.  124, 186 :  of  mo- 
dem Languages,  Rep.,  pp.  2S,  101  ; 
Evid.,  pp.  165,  216,  800:  of  Law, 
Rep.,  pp.  85,  182;  Evid.,  pp.  123, 
190  :  of  Natural  Sciences,  Evid.,  p. 
116,  fte.  In  1871  the  'Edinburgh 
Review '  could  point  out  that  during 
twentyye«rs,whilst  the  examination 
for  the  Indian  Civil  Service  had  been 
throwD  open,  the  English  universi- 
ties bad  practically  contributed  no 
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syBtem,  what  England  did  posseaa  was  the  ideal  of  a  liberal       tg. 
education.     But  none  of  these  three  forma  of  intellectual  "^"i  **=- 
training — neither  the  scientific  in  Paris,  nor  the  classical 
in  Geiinany,  still  leas  the  liberal  in  England — touched 
the  great  masses  of  the  people.     They  all  did  good  work 
in  their  respective  lines ;  but  they  left,  or  would  by  them- 
selves have  left,  the  country  in  darkness.      The  begin- 
nings of   general  popular  education  are    to  be  traced   . 
independently  in  Switzerland,  in  Scotland,  and  in  many 
of  the  small  States  of  Germany.'     The  great  scientific 


ondiiUlM  to  the  comiwtitioii  (April 
IS71,  p.  342}.  "  KothiDg  about  imi- 
Tersity  life  was  more  Btriking "  to 
Hm  Edinburgh  Beviewer  "than  the 
Gootrast  between  the  effbrte 


I    of    t 


the 


oulture  and  aotid  result  achieved 
b;  tbem — aod  the  utter  uielBBaoeva 
of  it  to  the  many  "  (p.  364).  The 
'Quarterly  Review'  of  June  1828 
notea  "a  growing  taste  for  the 
cultivation  of  phjaical  science  at 
ohBraoteriatic  of  the  atate  of  the 
public  mind  in  England"  (p.  159), 
and  refere  to  the  "  meemres  which 
have  been  oturied  into  effect 
throughout  the  countr;  with  great 
barmoDj  of  deaign,  although  chiefly 
b;  the  unaesiat^  eiertione  of  pri- 
vate iudiiiduale.  .  .  .  the  recent 
•etftbliahment  of  numerous  lilerKr? 
and  philosophical  institutions  in  our 
metropolis  aod  many  of  our  pro- 
vinces "  (ibid.,  p.  164]. 

'  The  great  Reformers — Luther, 
UelanchtboD,  Zwingli,  and  Calvin — 
alike  took  a  great  interest  in  educa- 
tioo,  which  they  intended  to  be  uni- 
versal and  popular.  But  their  suc- 
cess, so  far  as  the  education  of  the 
people  WM  cODcerned,  remained 
everywhere  very  partial.  A  real  or- 
ganiaaUon  of  primary  schools  was 
not  attained.  They  prepared  for 
it  by  introducing   the  vernacular 


languages,  the  reading  of  the  Bible, 
the  popular  hymns.  Their  mun 
eSuHs  lay  in  the  tr&ining  of  good 
teachers  for  church  and  scbooU  in 
the  reorganiBatioD  of  what  wero 
called  the  lAtin  eehooU.  In  the 
course  of  the  sixteenth  and  seven- 
teenth centuries  the  amaller  Protes- 
tant Slates  of  Germany — especially 
Saxony,  Wtlrtemberg,  Brunswick, 
the  northern  cities  Hamburg  imcI 
Ltlbeck — received  under  various 
forms  what  was  called  "Eine  Kir- 
chen-undSchulordnung."  Luther's 
tract  of  the  year  IG24,  addreesed 
to  the  "  burgomasters .  and  coun- 
cillors of  all  towns  of  the  Ocrman 
land,  that  they  should  found  and 
maintain  Christian  schools,"  wu 
the  bt^nning  of  this  movement. 
In  Scotland  burgh  schools,  also 
Krammar  (or  Latin)  schools  and 
lecture  schools,  "in  which  the 
children  were  instructed  to  re«d 
the  vernacular  language,"  existed 
long  before  the  Betormatioa.  But 
to  John  Knox  is  due  the  scheme 
for  popular  education  contained  in 
the '  First  Book  of  Discipline.'  The 
parochial  schools  were  started  in 
many  instances  by  voluntary  or  eo- 
clesiastjcsl  assessment  through  the 
effurts  of  the  Reformed  clergy. 
The  foundation  of  the  subsequent 
system  of  parochial  schools  was  laid 
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schools  of  France  trained  the  civil  and  militaiy  engin- 
eers in  that  country,  and  produced  text-books  for  the 


realised,  and  odI;  u  trsEning-echooU, 
irhere  a,  auffldent  number  of  teach- 
en  were  educated,  aprang  up,  and 
ai  popular  achool  and  story-books 
were  proiided.  Campe,  with  hi* 
edition  of  '  Bobinson  Crusoe,'  nurks 
an  epoch  in  this  direction.  In  factr 
the  nuee  of  uniTeraal  popular  edu' 
cation  remained  in  the  hands  of 
private  persons,  frequentl;  of  men 
of    great   insight    and 


in  the  statute  of  1666.  It  must 
not  be  forgotten,  however,  that  the 
"Order  of  Jesus"  (founded  1540), 
whoae  higher  educational  work  has 
found  so  much  appreciation  from 
men  like  Sturm — the  Protestant 
educationalist  —  Lord  Bacon,  and 
Descartes  (see  the  quotations  in 
Schmidt's  '  Oeachicht«  der  Padago- 
gik,'  4th  ed.,  toL  iL  p.  248),  was  J»o 
active  in  the  diroction  of  populor 
and  primary  education.  In  emula- 
tion of  the  Protestant  moiement, 
it  had  introduced  "school  regula- 
tions "  in  man;  Catholic  couDtriee. 
and  even  founded  a  ipecial  order 
— the  "Fatres  piarum  echoUrum" 
(1600)— for  the  education  of  the 
poorer  classes  (ibid.,  p.  2C8).  Whe- 
ther the  statute  of  1606  is  the  ear- 
liest official  document  referring  to 
popular  education  and  providing  the 
means  of  muutaiuing  aa  adequate 
number  at  schools  (one  in  1000  of 
papulation)  to  teach  the  lower 
olasaea,  I  cannot  say.  It  appears 
that  Duke  Brtieet  of  Gotha,  in  the 
course  of  the  seventeeoth  centuiy, 
established  a  generai  system  of 
primary  education  in  his  terri- 
tory which  was  "quite  unique,  at 
first  an  object  of  ridicule,  but  tiien 
very  soon  of  emulation"  (ibid.,  p. 
388).  The  regulations  were  cer- 
tainly most  wise  and  liberal,  and 
attendance  waa  made  compulsory. 
The  question  of  popular  education 
was  taken  up  on  a  much  larger 
scale  by  Frederick  the  Great  in  the 
middle  of  the  eighteenth  century. 
The  year  1763,  which  marks  the 
end  of  the  Seven  Years'  War,  is 
also  the  year  of  an  edict  which 
forms  the  basis  of  the  regulation 
of  popular  education  for  the  whole 
monu^^y ;  it  establishes  village 
Bcbools  with  compulsory  attend- 
ance- It  met  with  much  opposi- 
tion, and  its  ends  were  only  slowly 


of  great  msight  and  ornuiismg 
ability— such  as  A.  H.  Francka 
(1663-1727),  the  indefatigable  Mend 
of  the  poor  and  of  orphans;  Base- 
dow (1723.00),  the  founder  of  the 
Fhilanthropin  and  populoriser  of 
Rousseau's  ideas;  Von  Rochow 
(1734-ieOG),  the  friend  of  the  coun- 

S-folk  and  founder  of  village 
ooU;  Von  Felbiger  (1724-88), 
the  adviser  of  Haria  Tberesa  and 
Joeeph  II.,  the  organiser  of  the 
popular  educational  system  in  Aus- 
tria (1770-SO) :  or  else  it  was  de- 
pendent on  the  casual  favour  of 
enlightened  princes  and  sovereigns. 
At  length,  in  the  middle  of  the 
eighteenth  century,  training-schools 
for  teachers,  so-called  "  seminaries," 
were  founded  alt  over  Oermany.  A 
beginning  had  been  made  by  Duke 
Ernest  of  Ootha  (1S01-7&),  but 
had  been  neglected  like  many 
other  b^innings.  But  in  the 
eecond  half  of  the  eighteenth  cen* 
tury  no  less  than  thirty-three  semi- 
naries were  founded  all  over  Ger- 
many, includmg  Austria.  Fordetoila 
on  this  important  and  int«resting 
subject,  see  the  third  volume  of 
Schmidt's  'Qeschichte  der  Pada- 
gogik.'  Freyt^B  '  Bilder  aus  der 
deutsohen  Vergangenheit '  also  con- 
tains many  interesting  details  ;  but 
above  all  I  would  recommend  for 
the  countries  of  the  west  and  south 
of  Germany  the  valuable  reiiearchea 
of  C.  T.  Perthea  contained  in  his 
'  PoUtieche  Zuatande  und  Peraonen 
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higher  scientific  training  of  the  whole  of  Europe ; '  but 
no  serious  effort  was  made,  during  the  brilliant  days  of 
the  First  Empire,  to  secure  for  the  nation  the  blessing  of 
a  popular  education.  This  state  of  things  continued 
under  the  Bestoration ;  the  real  b^:inning8  of  an  or- 
ganised  primary  system  are  to  be  found  in  Gnizot's 
celebrated  law  of  1833.  In  Germany  the  influence  of 
Peatalozzi  and  Zsohokke  in  the  south;  of  Basedow, Francke, 
and  the  school  of  Kant  and  Herder,  and,  later,  of  Herbart 
in  the  north, — stimulated  many  Governments  to  establish 
a  system  of  popular  schools  for  the  education  of  the  massee, 
and  a  system  of  seminaries  for  the  training  of  a  popu- 
lar teaching  staff.  This  movement  was  chiefly  carried 
on  independently  of  the  reform  of  the  universities  and 
higher  schools,  over  which  the  ideal  of  WisseTiachaft  ex- 
ercised a  powerful  spelL  Under  the  latter  were  trained 
the  leaders  and  higher  teachers  of  the  nation,  as  well  as 
the  members  of  the  learned  profesBions,  The  educational 
influence  of  this  ideal  on  the  more  gifted  among  the 
student  class  was  the  very  highest  and  best ;  but  it  hardly 


in  Deotachlond  EUr  Zeit  der  fnm- 
■iiaischeii  Hemchftft,'  2  toIb.,  Qotha, 
1SB2  uid  leSB.  An  unfortuiuktely 
this  work,  with  its  collection  of 
int«re*tjng  and  not  eaaily  ftcosMible 
f*cta  referring  to  the  inner  bistorT 
of  the  German  people,  haa  no  index, 
I  giTe  the  folluwing  references : 
-CompuUoi?  education  in  Kur  Trier 
in  1712,  ToL  L  p.  22B  ;  in  Kumtainz, 
1750,  ToL  i.  p.  IB ;  popubir  edue>- 
lion  in  Baden,  vol  L  p.  Ill  :  in 
Bavaria,  vol.  L   pp.  4S6,  167 


lorm,  ToL  L  pp.  16S-170.    The  eem- 
dnary  or  tnuning-echool  being  Ihue 
VOL.  I. 


the  centre  and  beginning  of  na- 
tional education  ia  Oeroiany,  ai  it 
hu  alio,  witb  a  diSbrent  eonatitu- 
tion,  become  the  oentre  of  acientific 
work  (see  p.  214,  note),  it  ia  inter- 
eeticg  to  note  that  Sootland,  ao  far 
advanced  in  educational  work,  had 
no  reftl  training^chool  for  teachers 
before  Stow  started  hia  Normal 
School  in  Olaagow  (see  'Cham- 
here's  Encjcloraedia,'  art.  "Educa- 
tion "),  and  t^t  the  "  aeminaiT  " 
for  higher  Boientjflo  work  hae  to 
^li*  da^  not  ;et  been  introduced 
into  this  country. 
>  See  above,  p.  H,  nat«. 
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reached  the  multitude  of  less  gifted  minds,  who  always 
gave  themselves  to  bread-stDdies ;  and  it  must  necessarily 
fail  yet  more  when  not  only  the  future  teachers  and 
leaders,  but  the  masses  of  the  nation,  flock  into  the  halls  of 
the  universitieB.  Imperceptibly  a  differentiation  has  taken 
place  in  Germany  between  the  educational  work  which 
was  meant  to  reach  the  people  at  large  and  the  intellectual 
instruction  of  a  select  few.  But  it  is  exactly  this  differ- 
entiation of  education  and  higher  instruction  which  the 
ohampions  of  a  liberal  tducaiion  in  England  have  desired 
to  avoid.'    In  France,  very  soon  after  Rousseau's  time,  dis- 


*  Tbe  two  derelopmeatB  in  Oer- 
many  at&rt  From  difiigrsiit  centru. 
The  purely  eduostional  movemeot 
begui  in  Switzerland  with  Featal- 
om  (171S-1827).  RiM  forerunner 
«M  Mutin  FlimU  (1727-1772),  his 
lucceuon  wera  legion,  ftll  over 
Europe,  including  sovereigns,  atates- 
men,  and  philoeophers.  He  created 
•n  enthnsiaem  for  educftUon,  which 
was  to  begin  at  home,  not  in  tbe 
H^iool ;  to  depend  on  the  influence  of 
the  mother ;  to  be  founded  on  a  re- 
ligioui  spirit ;  to  direct  itself  to  the 
developiaeDt  of  the  bod;  as  much  as 
of  the  mind ;  to  rest  primarily  on  ob- 
servation and  experienoe,  not  mainly 
on  mamoT7  and  lesrning  ;  and  then 
to  afaaorb  the  whole  mind  and  the 
entire  man,  not  eiclusively  the  in- 
tellect. It  was  to  b^n  from  be- 
low, not  from  above,  with  the 
people,  the  poor,  the  unfortunate 
and  dasertaci ;  ou  the  part  of  tbe 
teacher  it  was  to  be  a  saoriflce, 
an  end  in  itaelf,  not  a  profession. 
Tbe  greateet  followen  of  PesUlozd 
were  Von  Fellenberg  (1771-1844), 
tbe  founder  of  Hofwyl  and  other 
industrial  scbooU  for  poor  and  de- 
serted children  among  the  peasant 
populatioo  of  SwjtterUnd ;  Johan- 
ue*  Falk  (17S0-1826),  the  founder 


of  a  great  number  of  houeea  tor  the 
poor  and  the  tatlen,  of  the  "So- 
ciety of  Friends  in  Need";  J.  H. 
Wichem  (1808-1S81),  the  founder 
of  the  "Raube  Haus"  near  Ham- 
burg ;  lastly,  Ihe  celebrat«d  Friibel 
(1782-1862,  a  native  of  ThUringen), 
the  founder  of  the  Kindergarten. 
The  other — not  to  say  oppoeite — 
development  wa«  centred  m  F.  A. 
Wolf,  in  whose  school  tbe  ideal  of 
Wvtentchaft  with  ita  enormous  in- 
fluence on  univenities  and  high 
acbools  was  .elaborated.  In  the 
history  of  this  development,  with 
which  our  seoond  chapter  dealt, 
the  name  of  Festalozzi  does  nob 
occur.  The  term  "  popular  "  waa 
for  a  time  baniahed  as  identical 
with  the  fiaaimmla  of  the  ancient 
Oraeks.  The  two  movemente  flnd 
a  conneoting-link  in  tbe  eitra-aca- 
demical,  the  classical  literature  of 
Germany,  notably  of  Herder  and 
Qoethe,  to  whom  we  must  add 
Fichte  and  Schleiermachu*.  The 
present  age  is  working  towards 
a  fusion  <^  both  interests,  of  the 
educational  and  higher  scientific, 
the  bridging  over  of  the  gap  which 
had  been  left ;  it  is  trying  to  re- 
move the  eatraagement  which  ex- 
isted in  the  middle  e<  the  century. 
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coBBiona  on  educational  matters  confine  themselves  to  the 
ends  and  means  of  general  or  higher  instruction ;  ^  in 


to[r«  critique  dea  Doctrine*  de 
1'EducatioD  en  Fnnce,*  5*>*  ed., 
laSB,  ToL  ii.  p.  101).  "n  y  sTut, 
ohez    HouBuau,"    uja    M.    Br&il, 

"un  cUti  gtoirwii  et  Tivifluit: 
I'tmour  de  I'buiiuuiit^ .  et  putica- 
lih^meat  de  I'enfant,  la  coaBuica 
dkoa  <e*  faculty  et  la  reepect  de  too 
■ctivit^  mtellactuelle.  Cette  partie 
lb,  qai  ^taiC  le  germe  da  Tie  a4poet 
dan*  lea  iBuvrea  de  Rooaaeau,  noui 
I'avoni  laiute  anz  Antngera. "  In 
Frenoh  writ«n  a  great  deal  of  dia- 
cuagioD  Is  to  be  fouod  on  the  diffar- 
ODce  between  education  aod  in- 
atruction.  Dudoa  (1704-72)  in  hie 
celebrated  '  Coadddratione  aur  lea 
m<eun  de  ce  ti»cle'  (17G1),  in 
the  aecond  chapter,  which  treata  of 
Education  and  Prejudice,  B«7a !  "On 
trauve  parmt  noue  beauooup  d'in- 
itruction  et  peu  d'Mucation.  On 
J  forme  dea  Bavante,  dee  artjitea 
de  toute  eapto ;  cheque  partie  dee 
lettrea,  dee  edmcea  et  dea  arta  y 
eat  eultdvde  avec  luccia,  ptu-  dra 
inAhoda  plua  ou  moina  oonven- 
ables.  Mais  on  ne  I'eat  paa  encore 
aviad  de  former  dee  hoomiea,  c'eat 
b  dire,  de  lea  Clever  reapecUvement 
lea  una  pour  lea  autrea,  de  fair* 
porter  lur  une  base  d'^ducation 
g^o^nle  tontee  lee  mBtruction*  par- 
ticuli6rea,"&a.  When  the  HuccteaiTe 
Oovemmente  of  the  Kevolution  took 
up  the  queation  of  a  national  edu-^ 
cation,  the  formula  of  Condoroet 
quite  inevitably  became  more  and 
more  the  le*ding  principle.  Con- 
dorcet  diatinguiBhed  "instructiOD" 
— i.e.,  knowledge  poaitive  and  cer- 
tain, truths  of  fact  and  calculation 
— from  "education" — i,t.,  "politi- 
cal and  religious  beliefs."  He  give* 
the  State  the  power  to  extend  the 
fortoer,  whilst  he  deniee  it  the  right 
'    direct  and  dispense  the  latter  (see 


room  for,  the  two  ideal*  of  Peatal' 
oni  and  Wolf.  It  i*  interesting, 
however,  to  note  that  neither  In 
Switierland  nor  in  Scotland,  the 
two  countries  in  which  popular 
education  haa  been  longeat  at 
home,  do  we  find  a  really  great 
development  of  the  higher  institu- 
tiona  and  centres  of  learning  ;  the 
univemties  in  theee  two  couutrie* 
have  alwa;a  stood  somewhat  in  the 
relation  of  higher  achoola  to  the 
rest  of  the  educational  e*tabli*h- 
ments ;  but  both  countries  have 
produced  and  reared  aome  of  the 
greatest  geniuses  of  alt  time — geni- 
usee  who  have  given  to  German 
aod  Eugliah  literature  and  science  a 
fame  over  the  whole  world  and  for 
all  age* ;  they  would  have  mifficed, 
had  they  «layed  at  home,  to  lorm 
academies  and  universitieB  of  the 
fint  order. 

'  Compareobapterl.pp.112,142, 
he  We  are  indebted  to  France 
for  three  great  educational  influ- 
ences which  have  left  indelible  trace* 
over  the  whole  domain  of  European 
thought.  These  proceed  from  the 
Paris  University,  UK  model  of  higher 
education  ;  the  great  achool  of  Port 


Bouneau,  which  gave  to  the  edu- 
cational aspirations  of  Basedow,  of 
Kant,  and  of  PeitaloEzi  a  definite 
direction.  It  faa*,  however,  fre- 
quently been  stated  that  the  val- 
uable aide  of  Souaieau'*  idea* 
was  developed  outside  of  Franoe. 
"  Ceet  une  choaa  remarquable," 
nya  H.  Compayi^, "  que  I'influence 
du  philoeophe  de  Genive  *•  soit 
■urtout  ezerc^  h  I'^tranger,  en 
AUemagne  et  en  SuIbm"  ('Hi»- 


B  pendant  I»  iUvolutloD.r 
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GrfirmaDj,  education  and  h^ber  instruction  present  in- 
dependent developmenta ;  in  England  alone  the  genius 
and  langu^^  of  the  nation  have  refused  to  admit  of  any 
curtailment  of  the  original  sense  of  the  word.  This  con- 
tinued to  imply  a  discipline  of  the  character  as  well  as 
of  the  mind,  practical  as  well  as  intellectual  training. 
So  much  has  been  said  in  this  country  and  abroad  re- 
garding the  shortcomings  of  the  English  universities  and 
higher  schools,  that  I  feel  it  a  duty  to  point  to  the  posi- 
tive gain  which  this  ideal  of  a  liberal  education '  has 


1881,  vol.  L  p.  xVii ;  ftlso  Compairrd, 
loe.  mt.,  Tol.  iL  p.  280,  &c)  Etvtj 
Ooveraiaent  which  hu  attempuid 
to  sfBtADiACUe,  to  centmliw  educa- 
tion, hM  been  foroed  also  to  mcu- 
UHm  it,  to  reduce  it  to  inatmctioD, 
Isftving  out  what  naaj  consider  the 
central  problem  of  education,  the 
traiaing  of  the  character  and  th« 
discipline  of  the  feelings  and  the 
heart.  ConBidering  the  large  organ. 
iaabions  which  have  been  developed 
in  England  by  the  unaided  effurti 
of  norking  men,  such  as  tb«  trade- 
imionaandthe  co-opera  tiTeiocietiea, 
and  looking  at  the  amount  of  self- 
government,  eelf-oontroL,  and  self- 
denial  which  they  demand  from 
their  members,  one  mixht  be  tempt- 
ed to  eay  that  England  is  the  best 
educated,  though  it  ma^  be  the 
worst  taught  and  the  least  informed, 
of  the  Uiree  nations  now  under 


*  The  term  "liberal  education" 
hu  acquind  a  peculiar  significanoe 
in  the  history  of  English  culture 
and  thought.  It  cannot  be  trans- 
lated into  French  or  German  with 
any  oertainly  that  the  real  signifi- 
canoe of  the  term  or  the  subject 
which  it  denote*  is  oonveyed.  It  is 
interesting  to  note  how  each  ot  the 


words  of  the  0 


language  a  peculiar  pregnancy,  de- 
noting a  peculiar  form  of  thought 
or  culture  which  they  have  esped- 
ally  elaborated.  Thus  "science" 
in  the  modem  eense  is  a  product  of 
French  thought,  WU»enMKaft  a  pro- 
duct of  German  thought-  Sngland 
has  reserved  to  itself  the  elabora- 
tion of  a  "  liberal  education."  1  am 
at  a  loss  how  to  translate  it  into 
li^ench,  unless  I  am  permitted  to 
use  simply  the  word  education  in 
its  contrast  to  instruction  and  en- 
teigneiMnt,  not  s«  this  was  defined 
by  Condoroet,  but  as  it  is  under- 
stood in  the  writings  of  modem 
Frenob  educationalists,  such  as 
Ordard,  Brdal,  Compayre,  and 
others.  To  convey  Uia  meaning 
of  "  liberal  education  "  to  a  Ger- 
man, I  would  revert  to  the  Greek 
phraae,  the  iKtuSiptat  nittia  ot  the 
post  -  classical  age.  The  tact  is 
tluUi  down  to  the  middle  of  the 
eeutnry  the  Germans  ID 
on  the  work  of  univi 
high  schools  always  talk  of  WUten- 
(oAa/1,  English  writen  always  talk  of 
"liberal  Mucation."  To  a  German 
scholar's  heart  Wittentehaft  is  dear 
beyond  anyUiing ;  to  an  English 
university  man  it  is  "  liberal  edu- 
uttion."    The  former  will  sacrifice 

latter  i 
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been.  For  it  is  the  principal  object  of  this  work  to 
attempt  to  portray  the  actual  pn^ress  of  thought,  the 
valuable  contributions  of  each  of  the  three  uatiooB  to  the 


•dDCktinn."  Id  QenDan^ri  *i'«  ■'^al 
home  of  the  educBtioaalist  or  Er- 
titUr  baa  not  b««D  the  uuivenit; ; 
the  home  of  the  miui  of  ecieuce  bu 
not  been  uid  ii  not  the  univernty 
in  EngUnd.  Th«  Qermui  educv 
tioDBlUt  can  point  to  a  ipedol  crea- 
tioD  of  hu  own,  the  Vtilkuchidt. 
The  Englub  mui  of  acience  has 
no  organisadon  to  point  to  except 
it  be  tbe  «elect  Boc[ety  of  a  dozen 
great  namee  of  world-wide  fame, 
Gorreflponding  to  the  tolitary  and 
unoODDected  heighta  of  Homer,  So- 
phocles, Dante,  SbakespMre,  and 
Ooethe  in  literature.  To  deecend, 
however,  from  genn^tiea  to  tbe 
real  thing,  I  give  here  some  ex- 
tracts referring  to  Engliah  univer- 
dtf  life,  choeen  from  tunoDg  hun- 
dred*, aJt  Tariationi  on  the  eame 
theme.  Dr  Thomaa  Young,  who 
knew  both  German  and  Engliah 
univendtiee,  having  studied  at  Qot- 
tingeu  and  taken  bis  degree  at 
Cambridge,  was  not  indebted  to 
any  univerait;  for  hia  position  or 
hii  knowledge  ;  yet  he  BigoiScantly 
defends  the  English  uniTerdtie* 
•gainst  the  critidem  of  the  Edin- 
burgh Roviewer:  "We  do  not  in- 
tend to  imply  a  censure  of  the 
tyatem  adopted  by  our  umveraitieB  ; 
...  for  it  must  be  remembered 
that  the  ndvancement  of  learning  is 
by  no  raeana  the  principal  object  of 
an  academical  institution  :  tbedi^u- 
a  respectable  aluire  of  ii 


■truction  in  lit«i 


and  in  the 


la  among  those  olasses  which 
hold  the  highest  lituationa  and  have 
ttie  moat  extensive  influence  in  the 
State  ia  an  object  of  more  import- 
snoe  to  the  pubhc  than  the  dia- 
covery  of  new  truths.  .  .  .  We 
think  that  we  have  observed  num- 


and  in  tbe  pursuit  of  natural  know* 
ledge,  in  which  great  schoUra  and 
great  m&thenulicians  have  reasoned 
less  eoundly,  although  more  ingeni- 
oualy,  than  other*,  who,  bM&g  some- 
what mor«  completely  in  the  pos- 
session of  common-sense,  .  .  ,  were 
still  for  inferior  to  them  in  t^  re. 
Snements  of  learning  or  of  science  " 
('Quarterly  Review,'  Hay  1810, 
reprint«d  m  Miscellaneous  Works, 
vol  L  p.  2SG,  ka.)  I  ahaU  now 
give  a  quotation  from  an  entirely 
difisTcnt  aouroe,  from  one  who  in 
his  department  was  equally  well 
acquainted  with  Garman  and  Eng- 
lish thought  aud  life.     In  1S30  B. 


sketch  of  what  bad  been  "  recently 
done  in  English  theology."  Be 
begins  by  referriog  to  the  "  prac- 
tioil  chu«cter  of  the  nation "  and 
"  the  different  condition  of  tbe  uni- 
versities," and  then  continues  as 
follows  :  "  Few,  if  any,  of  our  writ- 
ings have  originated  m  an  abatraet 
love  of  inveatigatioii :  our  greatest 
and  some  immortal  works  have 
arisen  in  some  exigeneiea  of  tbe 
times.  ...  A  Oernian  writes  be- 
cause he  has  something  to  say  ;  an 
Englishman  only  because  it  is,  or 
he  thinks  it  is,  needed"  {' Idft  of 
Pusey,'  vol.  i.  p.  238).  The  man 
who  did  most  for  the  widening  of 
the  circle  of  univemty  studies  in 
England  during  the  first  bait  of  tbe 
century  was  ^raliamWhewell  (1794* 
lSfl6),whoeeinfluenoeat  Cambridge 
extended  over  more  than  a  genera- 
tion. In  tbe  beginning  be  assisted 
tbe  movement  begun  by  Babban, 
Herecbel,  and  Peacock,  and  pub- 
lished several  text-books  on  me- 
chanics and  dynamics,  in  which  the 
infiueuce  of  Continental,  eapeoiallj 
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general  stock  of  ide&l  poBsesBions,  not  merely  to  criticise 
the  shortcominge  and  failures  of  separate  schools  of 
thought,  or  separate  sources  of  mental  development. 
Only  in  the  abrogate  of  these  different  ideals  is  to  be 
found  the  inventory  of  the  intellectual  possessions,  the 
outcome  of  the  higher  work  of  the  centuiy. 

When  the  modem  scientific  methods  and  their  impel- 


Franee  to  Germany  during  the  first  quarter  of  the  century, 


French  modBlB,can  be  cleftrlj  traced. 
Betireen  1930  tnd  1860  his  influence 
exerted  iUelf  in  two  direationi, 
fintly  b;  the  publication  of  hi£ 
'  Hiitor;  of  the  Inductive  Sciences ' 
(8  Tol».  18S7  ;  »  Becond  edilJoo  ap- 
peared in  18t7,  a  third  in  18G7).  and, 
■econdly,  by  a  Beries  of  papen  and 
pamphleU  referring  to  university 
education.  As  the  ideal  and  defini- 
tion of  tbU  Whewell  adopts  the  torm 
"liberal  education."  The  Grst  of 
theae  papers  appeared  in  the  'British 
Critic '  (No.  17, 18SI,  "  Science  of 
the  English  UniversiUes  ").  Then 
foUowed  in  ISSS  "  Thoughts  on  the 
study  of  Hathematica  ;  "Addi- 
tional Thoughts,"  1836;  "On  the 
Principles  of  EngUsh  UniTersity 
Education,"  1837  ;  "  Of  a  Liberal 
Education  in  General"  (Part  1, 
1845  ;  Part  2,  ISGO  ;  Fart  3,  18G2). 
The  second  pwt  of  the  little  wnrk  on 
Lilwral  Education  gives  a  history 
of  the  various  changes  previous  to 
1850  through  which  the  University 
of  Cambridge  tried  to  meet  the 
growing  demands  of  t.he  times  for 
a  wider  and  more  liberal  programme 
of  higher  scientific  work.  In  these 
various  writjngs  the  vrork  of  educa- 
tion and  "  original  research"  (a  term 
introduced  by  Whewell — see  Tod- 
faunt«r,  '  Life  of  Dr  Whewell,'  vol,  i. 
p.  ErO),  the  nature  of  "  permanent" 
and  "progressive"  studies  at  the 
university,    of    "  university "   and 


"college"  education,  of  "tutorial" 
and  "  professorial "  teaching,  are  fully 
discussed.  In  the  course  of  thirty 
years  the  university  of  Cambridge 
added  to  the  examinations  for  ma- 
thematical honours  the  "  Classical " 
Tripos  (1822),  the  "  Moral  Sciences  " 
Tripos  and  the  "  Natural  Sciences  " 
Tripos  (1848);  also  a  "Board  of 
MathemaUcal  Studies  "  (1848).  Dr 
Whewell's  great  infiuence  declined 
when  ID  1 850  Boyal  Commiasions 
were  appointed  to  "  inquire  into 
the  state,  diatdpline,  studies,  and 
revenues  of  the  univenrilJes  of  Ox- 
ford and  Cambridge."  Ee"r^srded 
the  Commission  as  an  unwarranted 
and  undesirable  intrusion  into  the 
affUrs  of  the  university."  The 
reeults  of  this  inquiry  belong  to 
the  second  half  of  the  century. 
AlUiough  this  movement,  which 
was  brought  about  by  many  in- 
Suences,  has  somewhat  changed  the 
issues,  the  central  idea  which  in 
England  tries  to  assimilate  the 
higher  work  and  thought  of  the 
nation  is  that  of  education.  Thfl 
tarm  liberal  education,  which  for 
twenty  years,  from  1830  to  J8G0, 
formed  the  banner  of  univeruty 
reform,  has  siniw  eomewbst  yielded 
to  "  scientiGc,"  and  more  recently 
to  "technical,"  education  i  the  in- 
fluence of  the  universities  has  gone 
out  in  the  work  of  university  eiten- 
NOQ  in  the  provincial  towns ;  stiU 
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they  there  met  with  a  powerful  intellectual  orgamsation, 
the  Gennan  university  system,  in  which  classical  and  philo- 
sophical studies  had  elaborated  the  ideal  of  Waaenachajt 
— of  science  in  the  lai^r  sense  of  the  word.  Gradually, 
and  not  without  opposition,  the  exact  or  mathematical 
spirit  was  received  into  this  system,  and  has  since  become 
an  integral  portion  of  it.  In  England  the  older  traditions 
which  clung  to  the  two  great  universities,  and  the  higher 


the  whole  iiiov«m«iit  eMi  b«  de- 
fined aa  an  educational 
Whereas  in  Qemuuiy  about  a 


■lier  the  term  Wii 
gained  the  upper  haiM  and  governed 
the  intellectual  life  of  the  nation, 
purely  educational  moTemeute  being 
•eparated  from  it,  in  England  the 
purely  icientiflc  interest  baa  never 
gained  the  upper  hand,  and  can 
■till  complftin  of  hkving  nowhere  a 
full  and  complete  representation. 
Around  the  wrilings  of  Whenell  as 
a  centre  may  be  Krouped  those  of 
A.  Sedgwick  ('  A  Diaoourse  on  the 
Studies  of  the  Uuiverdty  of  Ckm- 
bridge,'  1633,  Sth  ed.,  1850);  3ir 
Wm.  Hamilton  (articles  in  the 
'Edinbuixh  Beview,'  repriQt«d  in 
*  DiscuBsioDS  on  Philosophy,  Ac,' 
16G3]  ;  Sir  John  Herschel  ('  A  Pre- 
liminary Discourse  on  the  Study 
of  Natural  Philo«>phy,'  1831)  ; 
the  oritioiania  of  Lyell  ("TraTela 
in  North  America,'  1846),  and  of 
the  'Edinburgh,'  'Brittah  Quar- 
terly,' and  'Weslmiuster'  Reviews 


Bev.,' Jau.  18GG).  Whoever  desires 
to  gain  an  insight  into  the  dJObrent, 
frequently  diametrically  opposite, 
coniiderations  which  moulded  and 
governed  the  reconatruction  of  the 
German  university  system  on  the 
one  side,  and  on  the  other  aide 
widened  io  England  the  older  ideas 
of  universily  education,  should  oom- 


pare  the  dooumenta  relating  to  the 

foundation  of  the  University  at 
Berlin  in  the  beginning  of  this  osn- 
tur;  (collected  by  Budolf  Edpke, 
'  Die  Qrtindung  der  Eoniglichen 
Friedrich-Wilhelmg-Onivorsitit  zu 
Berlin,'  Berlin,  1860)  with  the  writ- 
ings referred  to  in  this  note,  and 
oentering  in  Wbewell's  pamphlets 
and  essays.  The  personifioaUon  of 
the  Qennaa  scheme  wm  WUbelm 
von  Humboldt,  of  whom  Bdokb 
said  in  bis ' Logo«  epitaphioa':  "He 
was  a  veritable  statesmaii,  pene- 
trated and  led  by  ideas — a  (tales- 
man of  »  Peridean  greatness  of 
spuit.  Philosophy  and  poetry,  elo- 
quence, hiatorit^,  philological,  lin- 
guisUc  erudition,  were  fused  in 
him  into  undisturbed  harmony  and 
wonderful  aymmetry."  The  re- 
forming and  revolutionary  ideas  of 
Fichte,  the  claesioal  ideals  of  Wolf, 
the  historical  intereeta  of  J.  Hllller 
the  historian,  the  literaryin 


Humboldt  into  a  realisable  scheme. 
Stein  said  of  him  in  ISIO  ;  "PrusNa 
has  intrusted  the  managemeat  of 
her  educational  and  scientific  in- 
stitutions to  a  man  poBaeaaed  of  a 
remarkable  intellect  acd  of  gnat 
firmneia  of  character,  and  who 
utilises  these  qualities  in  his  sphere 
of  action  wiUi  glorious  lo^ty" 
(ibid.,  pp.  fll,  62). 
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practioal  interests  of  a  select  clasB  which  upheld  thoee 
traditions,  prevented  any  of  the  Continental  ideals,  be 
it  the  philological  of  F.  A.  Wolf,  or  the  philoeophical  of 
Fichte,  or  the  scientific  of  Laplace  and  Cuvier,  from 
establishing  themselves  in  the  older  seats  of  leamit^. 
And  they  were,  after  all,  the  only  oi^anisations  for  higher 
ctUture  which  possessed  a  historical  character  and  con- 
tinuity. Around  these  centres,  partly  in  a  friendly,  more 
ft^uently  in  a  hostile  spirit,  other  institutions,  other 
centres  of  culture  and  learning,  had  grown  up.  Let  us 
rapidly  survey  these  more  recent  institutions.  It  is 
hardly  necessary  again  to  mention  the  -  Boyal  Society, 
which  was  an  early  offspring  of  the  older  universities,  a 
kind  of  overflow  of  the  scientific  interests  from  them  into 
the  capital.  More  recent  was  the  Eoyal  Institution,  the 
creation  of  that  extraordinary  man,  Benjamin  Thompson, 
Count  Kumford.  Like  the  Eoyal  Society,  it  was  de- 
pendent upon  private  subscriptions  and  on  the  popular 
interest  created  by  its  lectures.  These  were  very  pro- 
nuBCuoufi,  exhibiting  no  plan  or  unity.  In  the  early 
years  Dr  Young  and  Davy  lectured  there,  as  well  as 
Coleridge  and  Sydney  Smith.  Later  it  became  the  home 
of  Faraday,  and  through  him,  and  many  other  illustrious 
lecturers,  has  done  much  to  spread  a  taste  for  natural, 
especially  experimental,  science,  in  the  higher  and  cul- 
tivated classes.  It  has  been  a  means  of  diCFusing  the 
scientific  taste,  more  perhaps  than  the  exact  scientific 
spirit,  in  the  stricter  sense  of  the  word.  Whilst  its 
lectures  may  have  kindled  in  many  a  young  listener  the 
love  of  scientific  work,  the  Institution  did  not  fulfil  the 
early  intention  of  its  founder,  nor  did  its  laboratory  play 
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the  part  of  some  of  the  great  laboratories  of  Paris  or  of 
Germany,  in  turning  out  a  laige  number  of  weU*trained 
experimentalists.  Davy  may  be  said  to  have  educated 
Faraday,  though  he  was  suspected  of  having  become 
jealous  of  him,  and  Faraday  declared  he  received  only 
one  valuable  snggestion  from  any  member  of  his  audience 
dming  the  whole  course  of  his  lecturing.  It  is  the 
strongly  marked  individuality  of  all  theee  great  men, 
expressed  in  their  persons,  their  lives,  and  their  works, 
rather  than  the  character  of  the  institution  itself,  which 
has  given  celebrity  and  historical  importance  to  the  Eoysl 
Institution.  John  Dalton's '  position  in  the  Literary  and 
Philosophical  Society  of  Manchester  was  similar  to  that  KSl™'!,"* 
of  Davy  and  Faraday  in  the  Koyal  Institution ;  and  as  "^  socirty. 
Faraday  can  in  some  sense  be  called  a  pupil  of  Davy,  so 
can  Prescott  Joule  *  be  termed  a  pupil  of  Dalton,  whom 


m. ' 


e  of  8 


from  DaltoD  hit  Bret  ioducemeDt 
to  undertake  the  work  of  mi  ori- 
ginal adectific  inveatigklor."  He 
wu  one  of  the  fiiet  who  tried  to 
mewure  elsctrical  *ctiOD  in  Umu  of 
the  units  of  well-known  mechanical 
or  chemical  changes.  Hu  publJO' 
tioneb^aninlSlO.  Weber's'Eieo- 
trodynam  tiich  e  HaanbeaCimmungen , ' 
that  great  mBnument  of  exact  meis- 
urement,  wan  published  in  184S. 
Mayer's  first  publication,  contain- 
jng  ■  calculation  of  the  mechanical 
equivalent  of  heat,  bean  the  date 
1812.  But  the  great  publication  of 
Oauee,  in  which  he  mouures  mag- 
netic action  in  ordinarj  mechaniad 
(orabeolute)  unite,  datea  from  18S2 : 
■  Inteneitae  Tie  magnetjoe  terreetria 
ad  meniuram  abeolutam  i«voeata' 
(Comm.  BodeL,  Obtting.,  1832,  ftc.) 


Joule  in  1BI3  publiihed  the  firet 
of  bt>  aceural«  detarminatioDe  of 
what  is  termed  in  ph;ucftl  wience 
"J"  or  "Joule'e  equivaleDt  of 
beat."  He  read  eucceeaiTely  papers 
on  this  subject  before  the  meetinga 
of  the  British  Axociation,  Erst  at 
Cork   (IS43),   giving  the  coostant 


IS  838,  t 


1 770,  tl 


in  1845  (Brit.  Aasoo.  at  Cambridge), 
laiitly  at  Oxford  (1847)  as  781-6. 
From  this  meeting  dates  the  ac- 
quaintance and  Bcientiflo  coK>pera- 
tion  of  Joule  and  lliomson  (Lord 
Kelvin)  and  the  gradual  recognition 
of  the  importance  of  Iht  subject 
by  other  men  of  science  (see  Thorn- 
bod's  addtHS  on  Joule,  1803,  in 
'Popular  Lectures  and  Addresses,' 
vol.  ii.  p.  Sl>8  (go.)  Helmholti's 
memoir,  "  Uebar  die  Erhaltung  der 
Kraft,"  which  was  theoretical— as 
Joule'*  were  experimental — dates 
also  from  1847. 
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he  succeeded  as  president  of  the  Society.  These  names 
are  identified  with  some  of  the  greatest  work  in  experi- 
mental science.  Some  of  them  may  be  said  to  be  iden- 
tified  with  quite  original  theoretical  ideas  which  have 
governed  the  development  of  great  departments  of  re- 
search ever  since.  Dalton's  atomic  theory  in  chemistry, 
however,  received  a  tardy  rect^ition  in  England,  and 
was  firmly  established  only  by  foreign  research,  while 
Faraday's  "  lines  of  force  "  remained  a  mystery  to  elec- 
tricians,' till  William  Thomson  and  Clerk  Maxwell  made 
them  the  groundwork  of  our  most  recent  conceptions. 
It  is  well  to  note  that  neither  Young,  nor  Davy,  nor 
Faraday,  nor  Dalton,  nor  Joule  belonged  to  the  circle 
of  Cambri<^  men,  and  that  probably  none  of  them  re- 
ceived any  inspiration  from  that  official  school  of  English 
mathematics.'    In  the  early  years  of  the  century  that 


■  See  Helmbolts  od  FMwUy'* 
id«M  in  '  Vortriige  uod  Bodtn,'  to). 
ii.  p.  377.  "  Since  the  mktheiaUi- 
c«!  interpretation  of  F»nuiay'»  thoo- 
remt  hu  been  given  b;  Clerk  Hhx- 
well  in  methodicolljr  elaborated 
HcieatJSc  EonuuliB,  we  aee,  indeed, 
how  much  deGniteneu  of  conception 
and  accurate  thought  were  con- 
tained in  Faraday'a  words,  which 
•eemed  to  bia  oontemporaries  so 
indefinite  and  obBcure.  And  it  ii 
indeed  remarkable  in  the  highest 
degree  to  obeerve  how,  by  a  kind 
of  intuition,  without  uaiog  a  lingle 
formula,  he  found  out  a  number  of 
compreheuBire  tbeoremi,  which  can 
only  be  strictly  proved  by  the 
higheat  powers  of  mathematical 
analysia.  I  nould  not  depreciate 
Faraday's  contemporariei  because 
they  did  not  recognise  this ;  I 
know  bow  often  1  found  myself 
despairingly  staring  at  his  deecrip. 
tiona  of  lines  of  force,  their  number 


looking  for  the 
loee  in  which  the 
galvanic  current  ia  defined  aa  an 
axis  of  force,  and  similar  things. 
A  single  remarkable  discovery  can 
indeed  be  brought  about  by  a  hapj^ 
chance, .  .  .  but  it  would  be  agauut 
all  rulee  of  probability  that  a  numer- 
ous series  of  the  most  important 
discoveries,  such  M  Faraday  pro- 
duced, could  have  bad  theur  origin 
in  conceptions  which  did  not  really 
contain  a.  correct,  though  perhaps 
deeply  hidden,  ground  of  truth. 

'  Young  reuded  at  Cambridge  to 
take  his  medical  degree  on  his  re- 
turn from  Qtittingen  ;  but  though 
his  biographer  bos  inserted  a  chap- 
ter on  Cambridge  in  the  '  Life  of 
Young,'  and  though  Young's  first 
great  discovery,  that  of  the  inter- 
ferences  of  waves  of  sound  and  light, 
fell  within  that  period,  tfaere  is  no 
evidence  that  his  scientific  studies 
were  promoted  by  Cambridge  influ- 
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eentre  had,  indeed,  to  reoeive  aid  from  a  Rtill  mora 
eeoluded  and  imacademio  quarter.  Undergraduates  o{ 
Cambridge  uaed  to  migrate  from  the  seat  of  teaching 
which  has  been  immortaliBed  by  Newton  to  the  remote 
Yorkshire  Tillage  of  Sedbeigh,  whera  John  Dawson/  one 
of  the  few  British  analysts  who  held  their  own  against  « 
the  great  foreign  authorities,  taught  the  higher  mathe- 
matios  for  five  shilliugB  a-week. 

During  the  latter  part  of  the  eighteenth  centmy  a 
formidable  rival  to  the  leamit^  of  Oxford  and  Cambridge 
had  sprung  np  in  the  Scotch  universities.  These  were 
teaching  centres,  more  after  the  manner  of  the  fore^  u 
Universities.  They  had  been  started  on  the  model  of  the 
UoiveTsity  of  Paris  or  of  the  older  Italian  universities ; 
some  had  their  origin  in  the  educational  movement  which, 
especially  in  those  countries  where  the  doctrines  of  Calvin 
prevailed,  accompanied  the  Eeformation.*    All  through  the 


•ncM  i  in  Kiel  he  in*kw  ftdiipanging 
renuo'k  r^udingBrituh  MOotaiMnd 
with  ContiDental  mfttbemBtica.  Bm 
Peacock'! '  Life  ot  Dr  Young,'  p.  127. 
1  John  DawMm  (1781-1S20),  the 
•on  of  Bpoor  "  atataamui "  of  Oan- 
Hale,  tended  hu  father'*  iheep  till 
be  waa  twenty.  He  atudied  nuthe- 
matkia  with  innate  love  and  abilitj, 
inventing  a  natem  of  conic  eec- 
tiona  out  of  hi*  own  brain.  By 
teaching  he  gained  a  little  money. 
In  17E6  lie  inatruoted  three  young 
men— of  whom  Adam  Sedgwick's 
father  wa«  one — before  they  went 
up  for  their  Cambridge  atudiea.  He 
then  became  aasiitant  to  a  lurgeon 
al  Lanckuler.  Having  uved  £100 
he  wftlked  to  Edinburgh  and  atudied 
medicine  there.  Hia  funda  ipent, 
be  returned  to  Sedbergb,  where  be 
pntctioed  aa  a  aurgeon.  When  he 
nad  aaved  a  hunger  som  he  proceeded 


with  thia  tc  London.  After  tak- 
ing hia  degree  in  1767,  be  aettled 
in  hia  natiTe  county  to  practiae  hia 
profeaaion  and  teach  the  higher 
mktbemetiM  to  Cambridge  under- 
graduatea.  Tliey  Booked  to  Mm 
in  t^  summer,  and  between  1781 
and  1704  be  numbered  eight  senior 
wranglers  among  hia  pupils.  In 
17Q7  and  mbaequent  yeara  he 
oaunt«d  four  more.  In  1S12  he 
ceased  teaching.  He  wrote  papers 
on  the  "  preceeaion  "  and  the  lunar 
theory,  and  followed  the  derelop- 
ment  of  higher  matfaematica  on  the 
Continent.  See  '  Life  and  letters 
of  Adam  Sedgwick,'  hy  J.  W. 
Clark  and  T.  M'K.  Hughea,  1880, 
voL  L  p.  61,  ka. 

^  Details  referring  to  the  founda- 
tion of  the  Scotch  univeraitiea  are 
given  by  Sir  A.  Grant  in  the  first 
volume  of  hia  '  Story  of  the  Univer- 
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seveDteenth  and  eighteeath  ceuturiee  tbey  stood  in  inti- 
mate relations  with  such  Continental  centrea  of  etudy  as 
Paris,  Gieneya,  and  the  Dutch  universities.  Adam  Smith 
and  David  Hume  were  in  direct  and  very  intimate  inter- 
course with  French  thought,  the  former  having  obtained  in 
France  a  knowledge  of  the  novel  views  of  the  great  politi- 
cal economists  of  the  pre- revolutionary  period.  Edinburgh 
became  in  the  first  half  of  the  last  century,  under  the 
influence  of  John  Monro  and  his  son  Alexander  (1697- 
1767),  who  was  a  pupil  of  Boerhaave,  a  medical  sdiool 
of  great  Importance,  rivalling  London  in  its  foreign  rep- 

aity  of  Edinburgh,'  2  toId.,  188*. 
Three  of  them— St  Andrem,  Olsa- 

gw,  uid  AberdesD — were  founded 
Uie  century  precediog  the  Re- 
fornutioD ;  Ut  Andrews  about 
1411  by  Bishop  Wudl&w,  beeauae 
Scotch  Btudenta  bad  been  vn- 
popular  and  "molested"  at  Ox- 
ford. The  Univeraity  of  Glasgow 
was  founded  in  1150.  reference 
being  made  to  the  University  of 
Bi>logna  in  the  Bull  of  Pope  Nicholas 
V. ;  but  it  has  also  been  observed 
that  ' '  the  cuetoma  and  technical 
phraseology  showed  an  imitation  of 
the  institutes  of  Lou  vain,  then 
and  for  all  the  following  century 
the  model  university  of  Northern 
Europe,  of  which  a  Scotchman, 
John  LJchton,  had  been  Rector" 
(p.  21).  Aberdeen  was  started  by 
Bishop  Elphinitone,  who  had  studied 
in  Glasgow  and  Parie,  and  been  pro- 
fessor, both  there  and  at  Orleans,  of 
canon  and  civil  law.  In  the  pre- 
amble to  the  Bull  of  Pope  Alexander 
VI.  the  UniveraiUes  of  Paris  and 
Bologna  are  referred  to  (p.  20). 
But  the  unirersities  seem  not  to 


and  a  new  apirit  and  order  infuned 
into  them.  St  Andrews  was  to  have 
four  facultiee,  DBmed  m  in  foreign 


Philosophy,  Medicine, 
Law,  and  Divinity  (p.  63).  Qlas- 
gow  and  Aberdeen  were  to  have 
two  faculties,  of  which  the  first 
was  to  bo  Philosophy  (or  Arts), 
the  second  to  comprise  Law  and 
Divinity.  The  '  Book  of  Discipline ' 
contained  a  very  complete  schema 
of  higher  graded  education  ;  but 
this  was  only  gradually  and  par- 
tially realised ;  secoiidaiy  schools 
being  wanting,  the  "colleges"  had 
to  descend  to  elementary  teaching 
{p.  S7).  A  jealousy  also  existed  un 
the  part  of  those  in  power  regard* 
ing  the  older  univeraitiea,  t^ees 
heing — as  the  King  of  F^imoe  de- 
clared when  refusing  to  grant  to 
the  Academy  of  Geneva  the  rights 
of  a  university — hotbeds  of  hereey 
(p.  125).  Accordingly  the  latest 
academic  creation  in  Scotland  waa 
the  foundation  by  the  "Town 
Council  and  ministers  of  the  city  " 
of  the  College  of  Edinburgh  (pp. 
to,  121,  127)  between  the  years 
1561  and  1678,  King  James's  char- 
ter dating  from  14th  April  1532. 
' '  But  it  did  not,  like  the  older  uni. 
versitiea,  commence  with  a  blaze 
of  success  and  then  coUapee.  lb 
started  from  a  humble  beginning 
and  steadily  expended  into  greater 
things"  (p.  168). 
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ntation.'     Edinburgh  had  also  one  of  the  earliest  chairs 


original  Bcientific  work  when  in  1783  the  Royal  Society  ^g|^ 
of  Edinburgh  was  incorporated.  Ever  since  the  founda- 
tion of  the  Scotch  universities,  mathematics  had  been 
studied  independently  in  Scotland,  where  John  Kapier 
of  Merohiston  had  at  the  end  of  the  sixteenth  century 
invented  Ic^arithms.  "  Whether  we  consider  the  great 
originality  of  the  idea,  the  difficulty  of  carrying  it  into 
effect  in  the  state  in  which  algebraical  analysis  then  was, 
or  the  immense  practical  and  theoretic^  value  of  the  inven- 
tion, we  shall  have  little  difficulty  in  claiming  for  Napier 
the  honour  of  a  discovery  unsurpassed  in  brilliancy  in 
the  whole  history  of  mathematics."  '     From  that  time  the 


'  "  In  1788  the  fouad«tioii-*t<>i>« 
of  that  building  which  wu  till  ra- 
Mstlj  the  Hoj2  InlntMr;  of  EdiD- 
bunh  wu  laid,  and  a  gnat  public 
entnumMOt  on  tjte  aubject  wu  mani- 
feiited.  Drummond,  the  grMUat 
.£dile  that  hu  ever  governed  the 
city  of  Edinburgh,  and  Honro,  were 
appointed  the  BuUding  CommittM, 
and  they  paid  the  workmen  with 
their  own  handa.  All  claaiea  con- 
tributed :  landowners  gave  atone ; 
tnerobanta  gave  timber ;  farmers 
lent  their  carta  for  ouriaiBe  of 
materiala ;  even  the  masana  and 
other  labourers  gave  one  day 'a  work 
out  of  the  mon^  gnlia,  m  it  wm  a 
building  for  the  benefit  of  the  poor  " 
(Sir  A.  Grant,  toe.  eit,,  voL  i  p. 
S06). 

■  Quoted  by  Sir  A.  Orant  (foe. 
«i'e.,  voL  iL  p.  29S}  from  Chryital's 
unpubliahed  Inaugural  Address, 
'  John  Napier,  Baron  of  Herchiaton ' 
11SCO-1617).  The  'Uirifici  Logar- 
ithmomm  Canonia  Descriptio'  ap- 
peared in  1S14.  The '  LoptiUimo- 
tiun  Chiliaa  prima'  of  Henry  Briggs 


(lGGa-1630),  profeaaor  at  Oxfora, 
contuna  the  first  table  of  com- 
mon     or      decimal      logaritbtoa. 


and  the  state  of  the  country  in 
which  the  diacovei?  took  place, 
the  more  wonderful  does  the  in- 
vention of  logarithms  appear.  •  ■  . 
ll  is  one  of  the  surprises  in  the 
history  of  science  that  logarithms 
were  invented  aa  an  ariUimetiod 
improvement  years  before  their 
oonnectioD  with  eiponenta  was 
known.  It  is  to  be  noticed  also 
that  the  invention  wu  not  the  re- 
sult of  an;  happy  accident.  Every- 
thing tends  to  show  that  it  WM 
the  result  of  many  years  of  labour 
and  thought  undertaken  with  this 
special  object ;  Napier  succeeded  in 
deviaii^g,  by  the  betp  of  arithmetic 
and  ^meti7  alone,  the  one  gnat 
simplification  of  which  thej  were 
suBoepliUe  —  a    nmpliBcatKin    to 
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science  was  cultivated  at  the  different  Scotch  universitiee, 
which  supplied  Oxford  with  a  Professor  of  Aatronomj 
(preferred  to  Halley),  in  the  person  of  David  Gregor;. 
"  David  Gr^ory  not  only  introduced  the  '  Principia '  to 
Edinburgh  .students,  but  he  also  brought  them  to  the 
notice  of  Englishmen."  *  The  Philosophical  (aiterwards 
called  the  Eoyal)  Society  of  Edinbui^h  was  much  in- 
debted to  Colin  Maclaurin,'  who  almost  alone  with  Landen 
and  Ivory  maintained  the  reputation  of  British  mathe- 
maticians during  seventy  years,  whilst  the  Continental 
school  was  revolutionising  that  science.  A  successor  to 
Maclaurin  in  the  mathematical  chair  at  Edinbui^h,  John 
Flayfair,^  introduced  the  Continental  methods  into  the 
studies  of  the  Scotch  universities  about  the  end  of  the 
last  century.  He  was  one  of  the  early  contributors  to 
the  'Edinburgh  Eeview,'  which  in  politics,  literature, 
and  science  inaugurated  a  new  kind  of  criticism,  and  led 
a  powerful  attack  upon  all  those  traditional  forms  of 
government,  taste,  and  learning  which  prevented  the  free 
expansion  of  ideas  and  the  prc^ess  of  science  and  prac. 
tical  interests.     Though  not  always  judiciously  used,  the 


which  the  following  t 
Kod  m^^  jtttn  havt 

thing"  (OlAisher  !□  'I 
Bth  ed.,  article  "Napier"). 

'  D»vid  Gregory  (1881-1708)  hai 
"  the  honour  of  having  been  the 
firet  to  give  public  lectures  on  the 
Newtonian  philosophy.  This  be  did 
in  Edinburgh  flve-and-thirty  yetui 
before  theee  doctHnes  were  oosepted 
u  part  of  the  public  instruction  in 
the  university  of  their  inventor" 
(Sir  A.  Ontnt  and  Chiyatal,  loe. 
eit.,  vol.  iL  p.  266).  Cambridge 
writers,  be»<ied  by  Wbewell,  are 
loath  to  admit  bdj  reluctance  <hi 


oeptuig  the  Newtonian  phiioeophy, 
in  spits  of  WhUton's  testimony  to 
thecontruy.  Seeonthis^^liewell'a 
'  History  of  the  Inductive  ScienoM,' 
Srd  ed.,  vol  ii.  p.  149,  be 

*  Colin  Maolsuriu  (ItlflS-inS) 
published,  1742,  a  'Tr«iti«e  on 
Fluxions,' 2  ToLs.  4to.  In  1740  he 
shared  with  Daniel  Bernoulli  and 
Euler  the  prise  of  the  French  Aca- 
demy for  his  '  Essay  ou  the  Tides.' 

*  John  Plajfur  (1748-1819)  was 
Professor  of  Hathematics  and  then 
(from  ISOfi)  of  Natural  Philosophy. 
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infiuence  of  that  review  must  have  been  very  powerful 

in  rousing  the  older  Englieh  universitiea  out  of  a  state 

of  stagnation,  and  especially  in  stimulating  younger  minds 

in  the  direction  of  the  loi^-delayed  reform  of  studies. 

An  important  step  in  this  direction  was  taken  by  three       it. 

undei^aduates  of  Cambridge — Herschel,  Babbj^,  and  ^^^^ 

Peacock — who  in  1812  formed  the  Analytical  Society,  •""«»■ 

with  the  distinct  object  of  introducing  the  more  modern 

and  powerful  analytical  methods  developed  mainly  by 

Euler  and  Lagrange,  and  deposited  in  their  numerous 

Memoirs  in  the  publications  of  the  foreign  academies.' 

In    harmony  with    them  worked  Whewell,   Airy,  and 

Sedgwick,  who  did  much  to  enlarge  the  programme  of 

mathematical  and  scientific  studies,  though  they  very 

staunchly   upheld   that   the   real   object  of   university 

education    could    not    be    identified   with   any   special 

method   or   school   of   thought,  but  waa  expressed   in 

the  specific  ideal  peculiar  to  England,  that  of  a  liberal 

education.^ 

The  universities  of  Scotland,  unlike  those  of  England,  n. 
instead  of  uursmg  an  exclusive  spint,  and  encouraging  ^^^^^ 
only  scanty  intercourse  between  teachers  and  students  of 
different  centres,  lived  in  constant  exchange  of  professors 
and  ideas — much  in  the  same  way  as  has  always  been  the 
custom  on  a  larger  scale  among  German  and  other  Conti- 
nental universities.  Though  this  is  destructive  of  that 
individual  character  of  the  university  or  the  college  which 

1  See  note  1  to  p.  2S8 ;  aba  tor      to   p.    Sfll.      Sir    Oeorge   BiddeU 
muv  aetaila  Rouse  BM't  'Hiatory      Airy  (1801-1391)  publiabed  in  1826 
of  uie   Study  of  Hathenutica  kt      'Mathematical   Tracta'   (2Dd  ei)., 
18S1)  on  the  lunar  and  planetWT 
theoriea,  kc,  for  the  uae  of  atudi 
In  the  univenity. 


1   Study  of 
Cambridge,'  1889,  p.  120,  Ax. 

'  On  Whewell  and  hia  writingi 
on  luuTenity   education  aee  note 
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is  SO  highly  prized  by  many  English  fellows,  it  ia  certainly 
more  coDducive  to  the  progress  of  studies  and  of  research, 
and  it  is  the  cause  why  in  the  early  history  of  recent 
science  the  universities  of  Scotland  have  played  so  much 
more  important  a  part  than  those  of  England.  Whilst  in 
England  modem  science  was  cidtivated  outside  the  pale 
of  the  universities  by  Priestley,  Davy,  Wollaston,  Youi^, 
Balton,  Faraday,  and  Joule,  to  whom  we  may  even  add 
Green  and  Boole,  all  eminent  Scotch  men  of  science,  such 
as  Gregory,  Simson,  Maclaurin,  Flayfair,  Black,  Thomson, 
Leslie,  Brewster,  and  Forbes,  were  university  professors, 
many  of  whom  did  not  confine  their  labours  to  one  centre, 
but  spread  the  light  of  their  ideas  and  researches  all  over 
the  country.'  Whilst  England  has  been  great  in  single 
names,  Scotland  has  certainly  in  proportion  done  more 


'  Napier  of  Herchuton  remained 
ouUide  the  pale  of  the  univerHitJeB. 
At  that  time  the  College  of  Edin- 
burgh had  uo  mathematical  pro- 
feisor ;  but  Olaagow  had,  luid  ao 
bad  Aberdeen.  Jamea  Qr^oi;  was 
•ducated  at  Aberdeen,  wat  then  pro- 
fesaor  at  St  Andrews,  and  subee- 
quentl;  at  Edinburgh.  Colin  Hac- 
UuHd  was  educated  at  Qlaagovr, 
then  profeuor  at  Aberdeen  and  at 
Edinburgh.  Flayfair  was  educated 
at  St  Andrew*,  and  lectured  there 
before  coming  to  Edinburgh.  Leslie 
WM  tiained  at  St  Andrews,  and  waa 
theD  professor  first  of  mathamatics 
and  afterwards  of  natural  philoso]^ 
at  Bdinbuigh.  Black  WM  educated 
at  Olasgow  and  Edinburgh,  and 
was  professor  at  both  uai*endUee. 
Brewster  studied  at  E^oburgh,  and 
was  subaequentlj  principal  of  St 
Andrews  and  then  of  Eklinburgh. 
Forbes,  as  student  and  professor,  be- 
longs exclusivel;  to  Edinburgh,  and 
aa  did  in  earlier  times  Robert  Sim- 


son,  the  great  mathematical  pro- 
feeoor.  Adam  Soaith  belongs  ezclu- 
sivelj  to  Glasgow,  though  he  had 
lectured  in  Edinburgh  before  be 
was  appointed  profeesor  at  Olaagow. 
But  the  contrast  between  England 
and  Scotland  becomes  still  more 
prominent  if  we  look  at  the  medi- 
co sciences  and  note  the  great 
arraj  of  celebrated  professors  at 
Edinburgh,  Culleo,  Bniwn,  Qregary, 
Alison,  Hamilton,  Sjme,  Simpson, 
ChriatiHOQ,  and  Charles  Bell,  where- 
as the  equally  great  namee  of  John 
and  William  Hun(«r,  of  Jenner,  of 
Astley  Cooper  and  Bright,  have  no 
connection  with  the  English  univer- 
sities ;  Sydenham  was  only  slightly 
ooaoected  with  Oxford  and  Cam- 
bridge, and  even  Harvey  never 
occupied  a  prominent  poaitioD  at 
Oxford.  Through  situation  or  con- 
stitution the  English  universities 
wei«  unable  to  open  a  field  of  ac- 
tivily  for  tliese  celebrated  men. 
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to  diffuse  modero  Bcienti£c  kuowledga  The  great  pul> 
lishing  firms  of  Edinburgh  have  also  for  more  Uian  a 
centuiy  done  much  throogh  Cyclopcedias,  Beviews,  and 
Magazines  to  spread  general  information  of  all  kinds ; ' 
whilst  Hume,  Adam  Smith,  and  the  subsequent  Scotch 
Bchool  of  metaphysicians  have  exerted  their  influence 
during  the  whole  of  this  centuiy,  not  only  in  Great 
Britiun,  but  over  the  whole  of  Europe.^  In  the  more 
circumscribed  domain  of  scientific  thonght  a  powerful 
inQuence  has  again  been  exerted  from  Scotland  as  a 
centre,  and  through  the  larger  instrumentaUty  of  the 
University  of  Cambridge,  on  the  study  of  mathematical 
and  experimental  physics,  and  what  we  may  term  the 
spirit  and  method  of  these  sciences.     This  infiuenoe  be- 


•  The  moat  popular  Cyclopmdia, 
that  of  Chambers,  had  its  origin  in 
Edinburgh  in  1860.  It  was  founded 
OD  the  tenth  edition  of  BrockhauS's 
'  CoDTeraations-Leiiooii.'  The  more 
importsat  'Encyclopaedia  Britan- 
nica '  was  published  there  aim  io 
1771,  3  tdIb.  ;  2nd  ed.,  1777.  The 
'Eidinburgh  Review'  naa  eatab- 
liahed  in  ISO!  b;  Jefihi;,  8oott, 
Bonier,  Broughala,  and  Sydney 
Smitb  ;  ft  wee  the  fii«t  luoceseful 
"  Quarterly,"  carried  on  independ- 
ently of  the  bookaeUere,  after 
MTeral  unsucceasful  attempts  bad 
been  made  in  a  similar  direction  by 
Adam  Smith  and  Hugh  Blair  in 
1755,  and  after  Gilbert  Stuart  and 
William  Smellie  had  issued  from 
177S  to  177G  the  'Edinburgh  Hag- 
kzine  and  Review.'  No  such  peri- 
odical ever  attained  to  the  circula- 
tion of  the  '  Bdinburgli  Review,'  of 
which  at  one  lime  20,000  copies 
were  sold.  The  firat  high-cW 
montblj  MagMine  waa  also  printed 
in  Edinburgh  by  Blackwood  in 
1817,  with  Scott,  Lockhart,  Hogg, 
VOL.  I. 


Mi^Vin,  Syme,  and  John  '^Ison  as 
contributors.  'Tait'a  Edinburgh 
Hagadne'  vras  the  first  shilling 
masaiine.  The  brothers  William 
and  Robert  Chamber*,  in  1SS2, 
started  the  Journal  named  after 
them.  They  also  brought  out  many 
popular  works  of  nUrling  merit, 
mostly  written  b;  Robert  Cham- 
bers, than  whom  none  did  more  to 
introduce  a  knowledge  of  nature 
into  popular  reading,  and  to  give  a 
healthy  tone  and  moral  infiueuce 
to  the  cheap  literature  which  has 
become  such  an  important  factor 
in  modem  culture, 

*  Whilst  Locke  exerdsed  the 
greatest  infiuence  on  French  phU- 
uaophy,  Eant  starta  more  directly 
from  Hume.  The  literature  of  the 
Reatoration  in  France  agtun  at- 
taches itaeU  to  the  Sootch  meta- 
phyaicians,  notably  Reid.  It  ia 
intereating  that  both  Kant  and 
the  greateat  repraaentative  of  the 
French  "  Ideology,"  De  Traoj,  were 
ot  Sootch  descent. 
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T>1B  DabllD 
lUmnutl- 
talSohooL 


loDgs  to  the  eecond  half  of  the  century,  aad  is  centred  in 
the  two  names  of  William  Thomson  (Lord  Kelvin)  and 
James  Clerk  Maxwell,  who  may  be  said  to  have  jointly 
revolutionised  natural  philosophy.  It  b^n  with  the  ap- 
pearance of  George  Stokes's  and  WiUiam  Thomson's  im- 
portant contributions  to  mathematical  physics,  and  with 
the  publication  of  that  suggestive  and  stimulating — but 
imfortunately  unfinished — work  by  Thomson  and  Tait  on 
Katural  Fhilosophy.  It  was  represented  to  the  fullest 
extent  in  Clerk  Maxwell's  activity  in  the  Cavendish 
Laboratory  at  Cambridge.  But  the  consideration  of  this 
subject  belongs  to  a  later  chapter  of  the  present  work, 
and  is  only  mentioned  here  in  connection  with  the  intel- 
lectual intercourse  and  exchange  which  has  existed  all 
throt^h  this  century  between  the  invigorating  spirit  of  the 
north  and  the  more  conservative  spirit  of  the  southern 
portion  of  the  island.  Besides  Scotland  another  centre 
— the  Dublin  School — has  gained  European  renown 
through  a  series  of  mathematical  labours  of  the  highest 
importance,  some  of  them  of  an  originality  hardly  yet 
sufficiently  recc^nised.  This  school  is  represented  by 
the    names    of    Bowan    Hamilton,*     MacCullagh,    Sal- 


'  Of  Rowan  Huailton'a  dyntuDi- 
cti  "prindple  of  Turing  kction" 
I  h&ve  ipoken  in  a  note  to  p.  231. 
Willtun  Rowan  Hamilton  (1806-6S) 
coDDot  with  tbe  wme  oartainty  as 
KsDt  and  Da  Tracy  be  claimed  as 
of    Scotch    descent.      Indeed    he 


Und. 


the 


'  Horth  BritUh  Renew,'  September 
1S6S,  md  Perceval  Qravea'a  reply  in 
'  Ufa  of  W.  R.  Hamilton  '  (3  Tola., 
13S2-8e,  to),  i.  p.  e).  He  waa  one 
of  the  tew  quite  original  mathe- 


matidans  who,  like  Oatua,  ted  tbe 
waj  into  new  channels  of  thought 
and  aucceedsd  in  breaking  through 
the  traditional  forma  of  thii  science, 
which  more  than  anj  other  is  ham- 
pered in  ita  development  b;  tnna. 
milted  eustoma  and  habits  of  repre- 
sentation. Thus,  afler  t«n  jeare  at 
research  and  thought  in  connection 
with  the  repreaentation  of  extend- 
ed algebraical  forma  bj  meana  of 
the  diAereut  dtrectiona  in  apace,  he 
succeeded  In  eatabliahing  ttte  tun- 
damental  principle  of  hia  theory  of 
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mon ; '  nor  ehould  we  foi^t  the  suggestive  writings  of 
George  Boole.'  The  influence  of  these  men  or^;inated 
outside  of  Cambridge,  and  a,  hlstoiy  of  mathematics  at 
that  university  does  not  contain  their  names,*  though  the 
ideas  of  which  they  have  been  the  bearers  have  largely 
entered  into  the  text-books  and  the  teaching  of  the  Cam- 
bridge school 

So  far  I  have  mainly  dealt  with  one  side  only  on  which 
the  prepress  of  science  depends,  namely,  the  methodical 
use  of  experiment,  measurement,  and  calculation :    this 


quatemtoDB  —  complex  quuitiliM 
which  ar«  eompounded  ot  &  purel}^ 
algebraical  or  qiumtitotive  el«ii«nt 
uid  three  dUtinct  elemente  corre- 
■poDding  to  the  three  diiectioni  or 
dimaniioiu  of  apace.  He  was  the 
first  to  work  out  thia  calculus,  and 
the  labour  occupied  twenty  years 
of  his  liEe.  Id  Hamilton's  calculus 
of  quateruioiu,  distaoce  (or  length) 
and  direction  are  iotroduccd  as  they 
naturally  present  themselves  when 
we  deal  with  geometricat  or  phyaicat 
problems,  instc«d  of  all  quantities 
bsing  reduced  to  lengths,  aa  waa 
the  case  in  the  Cartesian  geomttn. 
Hamilton  thus  broke  thniugh  the 
coDTentionaliem  of  the  latter  and 
showed  how  the  oonsideratton  of  di- 
rections in  space  forces  us  to  eitend 
the  original  operations  of  arithmetic 
It  is  intereeting  to  note  how  simul- 
taneouBly  Qrassmaon  (see  p.  243, 
note  ])  in  his  '  Auadehnunnlehre ' 
(iei4)  and  Von  Staudt  in  hu  '  Oeo- 
melrie  der  I^ge'  (1S47),  quite  inde- 
pendently worked  at  aimilar  eilen- 
sions  of  our  arithmetical  and  geo- 
metrical conceptions,  and  bow  aub- 
•equently  quaterniona,  in  which 
Hamilton  had  eeau  a  powerful  me- 
thod for  solving  geometrical  and 
jdijaical  problems,  present  them- 
selves as  a  special  form  of  the  ei- 
t«nded  algebn  and  geometry  elabor- 


ated from  theae  different  iieginnings. 
Whilst  the  practical  usefulness  of 
the  calculus  lias  been  demonstrated 
by  some  extensive  applications,  as, 
for  example,  to  spherical  trigono- 
metry, the  ideas  contained  in  it — 
frequently  without  Hamilton's  no- 
tation—are gradually  finding  their 
way  into  text- books,  and  the  strange- 
neaa  wbioh  for  half  a  oenturjr  pre- 
vented the  laboura  of  Hamilton, 
Graasmann,  and  Von  Staudt  from 
being  generally  appreciated,  is  dis- 
appearing.  A  popular  eipoeition 
of  the  relation  of  quaternions  to 
general  arithmetic  is  given  in  0. 
Stols,  'GriMen  und  Zahlen,'  Leip- 
zig, Teubner,  13BI. 

'  The  excellent  treatisea  of  Sal- 
mon on  '  Higher  Algebra,'  '  Higher 
Plane  Curvee,'  'Geometry  of  Three 
Dimenaions,'  and  'Conic  Sections' 
have  in  their  German  translations 
by  Fiedler  done  a  great  work  in 
ayatematiaing  and  popularising  mo- 
dem oonceptions  in  algebra  and 
geometry.  See  Gino  Loria'a  traatiae 
on  the  "  Principle  Tbeoriea  of  Qeo- 
netry "  in  the  German  translation 
by  SchUtte,  Leipzig,  I88S,  p.  25, 
&o. 

3  See  p.  247,  note  2. 

■  See  Bouse  Ball,  'A  History  of 
the  Study  of  Mathematics  at  Cam- 
bridge,' 188B. 
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Bide  had  been  very  Jar^ly  developed  by  the  great  Frendi 
naturaliBte  and  mathematiciaDB  in  the  be^niug  of  our 
period.  The  change  in  the  higher  branches  of  Bciencse 
which  took  place  during  the  first  half  of  the  century  is 
greatly  owing  to  them,  and  to  the  later  German  school, 

40.  which  was  much  influenced  by  them.  If  we  compare 
tf%^°*  the  contributions  of  British  science  in  these  branches, 
uoiuto        they  are  indeed  inferior  in  bulk,  and  still  more  so  in 

methodical  arrangement;  but  among  them  is  a  small 
number  of  works  of  the  first  order  which  are  embodi- 
ments of  scientific  ideas  of  the  very  highest  importance. 
Introduced  into  the  great  edifice  of  scientific  research 
which  was  beii^  planned  and  erected  on  the  Continent, 
they  mark  the  veiy  comer-stones  of  the  building,  stand- 
ing out  in  bold  and  conspicuous  prominence.  But  it  ia 
^  fact  that  no  Academy  existed  in  this  country  which 
was  zealous  in  collecting  and  arranging  all  the  best 
labours  of  scattered  philosophers,  no  university  which 
was  anxious  to  attract  and  train  promising  intellects, 
no  comprehensive  text-books  and  hand-books,  ensuring 
right  guidance,  correctness  of  knowledge,  and  complete- 
ness of  study,  no  historical  and  philosophical  traditions 
guaranteeing  that  novel  contributions  should  make  their 
appearance  under  favourable  conditions,  or  supplying  the 
most  appropriate  mise  en  seiTie  for  new  ideas. 

41.  It  is  the  French  Iiutitut«,  in  the  earlier  years  of  the 
seienUBo  contury,  and  the  German  university  system,  with  its 
™the         many  local  ramifications  and  literary  oi^ana,  during  the 

whole  of  the  century,  which  have  done  the  great  work 
of  Bysteniatising  and  difi\ising  scientific  knowledge,  and 
of  introducing  the  exact  spirit  of  research.     There  is 
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sometbing  casual  and  accidental  about  tbe  great  ideas 
wbiob  Britisb  men  of  science  contributed  during  the  first 
baU  of  tbe  centurr.     Each  of  them  cbooees  sn  isolated       **. 

'  iNlUJonor 

position,  a  special  form  of  delivery,  frequently  a  Ian-  5S£iI" 
gu^e  and  style  of  bis  own.  They  attach  little  or  no 
importance  to  the  labours  of  others,  with  which  they 
are  frequently  unacquainted,'  Important  papers  are 
lost  or  buried,  as  in  the  case  of  Cavendish  and  Green. 
Novel  ideas  are  communicated  in  imintell^ble  language 
and  symbols,  and  accordingly  n^tected.  This  was  the 
case  with  I)r  Young's  writings,  and  to  a  certain  extent 
with  Faraday's,  Tbe  greatest  discoveries  were  unduly 
postponed  through  tbe  absence  of  assistance,  as  seems  to 
have  been  the  case  with  Adams's  discovery  of  Neptune,* 
perhaps  with  Stokes's  anticipation  of  spectrum  analysis.* 


r.  Rowan  H&milton 

oeptioo.  Though  workiog  od  quite 
origimtl  lines,  he  took  a,  great  tn- 
tatiut  in  the  labaun  and  BUfige*- 
tioiu  ooDtMDcd  in  the  writiDga  of 
his  forerunners  tad  coDt«mporu-ie«, 
m  the  hiitoriol  noticM  in  the  pre- 
faoe  to  hie  '  Lecturee  on  Quater- 
niona'  (16G3)  prove;  likewiie  hi« 
oomepondeDce  with  De  Horg»a  (we 
'  Life  of  Bir  W.  R.  H,,'  vol.  iiL) 

*  Tbe  ntory  of  the  discoveiy  of 
Neptune  hu  been  frequently  told. 
The  fint  pubhcation  of  the  ele- 
ments of  the  suspected  pUnet, 
which  ensbled  >  ee&rch  to  be  mode, 
oune  from  Leverrier  to  the  Paris 
Academy  of  Sciences  on  the  Ist 
July  and  the  SlsC  August  1848. 
In  oonsequence  of  this  publication, 
Oalle  at  Berlin,  requested  by  Lever- 
rier to  search  in  the  neighbourhood 
of  >  Capricorai,  and  comparing  his 
obMTvMions   made   on    the   stune 


night  on  which  ha  received  the 
requeat,  2Srd  September  1846,  with 
Bremiker's  map,  actually  found  the 
nlBDet.  Subeequently  it  became 
known  that  Adams  of  Cambridge 
had  already  oommunicated  lus 
elements  in  September  and  October 
1816  to  Challis  and  Airy,  and  that 
the  former  had  actually  nen  the 
planet  on  the  4th  and  latb  of 
August  1816,  but  —  for  want  of 
equally  detailed  maps  —  bad  not 
comptmd  the  observatioQ  and  eetab- 
lishedthediscoveiT.  SeeWheweU'i 
'  HistoiT  of  the  Inductive  Sciences,' 
third  ed.,  18E7,  vol.  iu  p.  490,  *o. ; 
also  Wolf,  'Qesobichte  der  Astro- 
nomie.'  p.  687,  4c, 

*  It  appean  from  •  eomnnnic*- 
tion  of  Sir  William  Thomson  (Lord 
Kelvin)  to  Kiichhofl  immediately 
after  tiie  latter  had  published  in 
1SS9  his  explanation  of  the  Iden- 
tity o(  the  dark  lines  in  the  solar 
spectrum  with  the  bright  line*  in 
the  spectra  uf  coloured  flames,  that 
Stokes,  won  after  the  pubHoatios 
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What  might  not  these  great  mtnde  have  accomplished  had 
they  attached  the  same  importance  to  style  and  form  as 
most  of  the  great  French  men  of  science,  or  had  they  been 
called  upon  to  teach  a  number  of  eager  pupils,  anxious, 
not  to  take  honours  and  d^rees,  but  to  understand  and 
further  elaborate  the  su^estions  of  their  masters,  as  has 
been  the  custom  and  tradition  in  Oermany  ?  The  history 
of  Et^lish  science  during  the  first  half  of  the  century 
consists  of  a  series  of  bii^raphies,  or  of  monographs  on 
single  ideas  and  points  of  view.  We  are  struck  by  the 
individual  greatness  of  the  minds  which  produced  them, 
their  originality  or  the  suddenness  of  their  appearance. 
An  ilcge  by  the  permanent  secretary  of  the  Academy  has 
usually  been  considered  sufficient  to  satisfy  the  historian 
of  science  in  France ;  the  hfe  of  every  great  philosopher 
in  Germany  is  identical  with  the  history  of  a  phase  of 
thought  or  with  a  school  of  research ;  in  England  alone 
the  person  of  the  thinker  has  nearly  always  claimed  the 


mond,  Miller,  Angabiim,  Pliicker, 
Swao,  uid  B&Uour  SUwkrt  on 
the  kbaorption  and  nuliatioii  of 
heat,  found  their  conaummatioQ 
when  BunasD  and  KirchhoCT  settled 
the  main  puial  in  queeCion — viz., 
"that  the  bright  lines  of  »□  io- 
CADdeeceat  gaseous  body  depend  dd 
the  chemical  constitueutB  of  the 
•ante."  Then  at  length  spectrum 
aoalyaii  became  poaaible.  See  on 
thia  matter  Kirchhoff 's  own  hiatori- 
cal  rimmi  of  the  year   1S62,   re- 

Erinted  io  'Oesammelte  Abhand- 
ingen'  (Leipxig,  1882),  p.  625, 
&c  ;  also  Sir  William  Thomson's 
'  Baltimore  Lectures,'  sborthand 
DolM,  1S84,  p.  100,  and  Stokes's 
translation  of  Kirchhoff's  first  paper 
in  1800  {'  PhUos.  Uaguiiie,'  March 
1860). 


by  Miller  in  184fi  and  by  Foueault 
in  1849  of  obaerratioiu  rdating  to 
iJtiH  nibject,  had  suggested  in  the 
course  of  conversation  that  there  ii 

a  correspondence  between  emiaaion 
and  abaorption  of  the  same  kind  of 
light  by  the  vibrating  moleculei  of 
the  same  body,  according  as  it  is 

light.  Had  this  idea  of  Stokes's, 
which  suggested  the  preaenoe  of 
Bodium  in  the  ataoaphcre  of  the 
sun,  been  followed  out  at  the  time, 
the  discovery  of  spectrum  analyi 


lications.  beginmng  with  Fraun- 
hofer'a  deacription  of  the  dark  lines 
'a  the  solar  spectrum  in  1811  and 


Henobe^  Talbot,  Drum- 
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greater  sliare  ot  popular  attention.*  Hia  mental  labotua 
have  preserved  an  individual  character,  shuttir^  them 
out  during  his  life  from  common  contact,  and  limiting 
their  fertiliBing  power,  like  that  of  an  oasis  in  the  desert, 
to  a  narrow  circle  of  casual  visitors.  Minds  like  Newton 
and  Faraday,  full  of  new  life,  hut  modestly  content  with 
deepening  and  strengthening  their  secluded  vigour,  re- 
frained from  hoastful  publicity  or  ostentatious  parade, 
working  for  all  ages  rather  than  for  a  special  school  or  a 
passing  generation.  It  is  the  individualism  of  the  Ei^lish 
character,  the  self-reliant  strength  of  natural  genius,  which 
comes  out  most  strongly  in  its  great  examples  of  scientific 
work.  In  characters  of  smaller  breadth,  in  intellects  of 
lesser  power,  these  tendencies  show  themselves  in  ways 
which  we  cannot  always  admire  or  commend :  in  the 
emulation  for  place  and  position,  in  the  competing  for 

'  This  eiplaiiu  the  remarkable 
ricboeM  (d  Bugliah  litentnra  in 
biographies,  coDtuDiDg  co[uo(u  ool- 
leetioBB  of  corTeepondence,  end  the 
dmoat  total  ■baeuce  of  luch  liMm- 
ture  in  Fnuice,  which,  on  the  other 
ude,  it  rich  is  memoirii,  writ(«a  b; 
itatMineB  aod  sutbors  thenuelTW. 
Aa  the  atudenta  ef  nature  hare 
uauallj  little  time  for  autobio- 
giaph;,  we  poanea  of  the  long  lUt 
of  great  names  in  modern  Frenoh 
■oienoe  hardly  any  personal  records 
euob  aa  are  >»  plentifal  in  Englieh 
literature.  What  we  mies  in  many 
«t  theee  elabonM  »ai  frequently 
goaaiping  narratives  is  a  juat  ap- 
preciation of  the  poaittoD  of  the 
subject  of  the  biography  in  the 
history  of  science,  lifsrature,  and 
thought,  a  definition  of  the  exact 
place  and  importance  which  belongs 
to  him  and  his  work.  This  is  what 
is  given  in  auch  a  masterly  and  con- 
ilenaed  form  in  the  better  il«fi*  «t 


lunorths 


Fontenelle,  of  Cuvier,  of  Arago, 
and  other  aecr^tiute  of  the  French 
Academies.  In  Oermany  biographi- 
cal literature  is  len  developed  Uiai) 
in  this  country,  and  memoirs  are 
almost  absent — those  of  Vamhageu 
Ton  Bnse  and  of  Perthee,  among 
litem?  men,  being  remarnble  and 
rare  exoeptiona  Similarly  the  great 
correapondenoe  carried  on  by  Oosthe 
through  nearly  sixty  years  is  a 
unique  monoment  of  his  genlua 
and  hia  influence,  comparable  only 
to  that  of  Voltaire  during  the  last 
century.  R.  Haym  in  hia  bioeraphiea 
of  Hegiel,  Wm.  von  Humboldt,  and 
Herder,  which  oombine  the  bio- 
graphical with  the  historical  and 
critical  elements,  has  done  a  great 
work,  and  these  hooka  are  invalu- 
able contributions  to  the  histoiy  of 
thought.  Justi'a '  Winckelmann '  is 
of  equal  imporbmce ;  but  DDthey's 

'Schleiermao' 

unfinished. 


1  unfortunately 


,-,,11,  Google 
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honours  and  cliampioiiBhipe — in  all  the  noble  and  ignoble 
forma  of  racing,  where  much  eneig^,  which  m^ht  more 
usefnll7  have  been  merged  in  co-operative  action,  is 
sacrificed  for  the  aake  of  individual  distinction.  But 
where  the  height  of  genius  forbids  emulation,  where  the 
towering  intellect  has  distanced  all  records,  this  indi- 
vidualism has  produced  single  specimens  of  the  greatest 
work,  examples  of  the  highest  moral  worth.  It  is  not  in 
the  courses  of  scientific  work  alone  that  we  shall  have 
occasion  to  mark  the  peculiarity  of  British,  especially  of 
English,  thought ;  but  it  is  interesting  to  note  bow  even 
in  this  sphere,  which  more  than  any  other  seems  to  bear 
an  international  and  cosmopohtan  character,  the  genitis 
of  the  nation  strongly  asserts  itself,  baffling  every  efibrt 
to  control  it  or  to  lead  it  into  more  conventional  chan- 
44.  nels.  The  last  fifty  years  have  done  much  to  destroy 
dnriDflOis  the  peculiarly  national  customs,  the  idiosyncrasies  of  the 
T*"*.  different  peoples.  English  institutions  have  been  copied 
in  France,  and  German  customs  introduced  into  England ; 
it  has  recently  been  stated  that  the  older  type  of  scientific 
amateur  which  existed  in  this  country  is  dying  out,  being 
rendered  impossible  by  the  more  complicated  macblneFy 
of  science,  the  manifold  conditions  on  which  pr<^ress  de- 
pends. It  seems  to  me  doubtful  whether  this  view  is 
correct.  Surely  the  advance  of  the  highest  kind  of 
thought  will  always  depend  upon  the  unfettered  devel- 
opment of  the  individual  mind,  regardless  of  established 
habits,  of  existing  forms  of  expreseion,  or  of  adopted 
systems ;  just  as  the  dlGTusion  and  wholesale  applieatmn  of 
single  discoveries  will  depend  on  a  ready  and  efficient  ma- 
chinery and  oi^anisation ;  whilst  their  infiuence  oa  gen- 
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eral  thoaght  and  literature  will  depend  on  the  coltivatioo 
of  a  perfect  form,  of  an  expressive  and  el^ant  style.  The 
French  alone  in  the  beginning  of  the  centuiy  could  boast 
of  the  last ;  the  Germans  have  most  sncoessfull;  developed 
the  second ;  whilst  England,  the  countiy  of  greatest  indi- 
vidual  freedom,  has  been  the  land  most  favourable  to  the 
growth  of  genius  as  well  as  eccentricity,  and  has  thus  pro- 
duced a  disproportionate  number  of  new  ideas  and  depart- 
ures. Nor  is  it  to  be  desired  that  the  reliance  of  genius 
on  itself  should  be  in  any  way  curtailed,  as  it  is  impos- 
sible to  foretell  whence  the  new  light  will  come  which  is 
to  illuminate  future  ages.  This  individualism  of  the 
English  mind  presents  other  accompanying  features,  and 
these  are  of  great  interest  to  the  historian  of  thov^ht. 
They  manifest  themselves  in  the  province  of  science  as 
much  as  in  other  provinces.  We  will  now  study  them 
more  closely ;  in  the  sequel  we  shall  meet  with  them  in 
other  departments  also. 

Hitherto  ourobservations  on  English  science  have  nearly 
all  referred  to  only  one  side  of  modem  scientific  work, — 
the  side  on  which  lie  the  experimental,  measuring,  and  cal- 
culating sciences ;  those  sciences  which  abroad  are  termed 
"  exact " ;  in  which  mathematical  notions  and  methods, 
be  it  of  measurement  or  of  calculation,  obtain.  But  these 
sciences  cover  only  one  side  of  reality.  We  noticed  how  in 
France,  during  the  great  scientific  epoch,  the  other  side  of 
nature,  that  which  exhibited  and  was  filled  by  the  pheno- 
mena of  life,  was  simultaneously  explored  wiUi  equal 
originality  and  eqoal  success.  As  Laplace  was  the  great 
representative  of  the  one,  so  Cuvier  was  the  great  re- 
presentative of  the  other.     We  have  also  seen  how  in 
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Qermany  this  latter  department  of  research  was  specially 
cultivated,  bow  all  the  mathematical,  experimental,  and 
philosophical  sciences  combined  to  organise  the  one  great 
science  of  physiolc^  or  biology,  with  its  central  and 
'  crownii^  problem — the  problem  of  coDSciousnesB.  We 
also  noted  how  this  science  worked  a  great  reform  in 
the  whole  domain  of  medical  theory  and  practice.  Let 
UB  now  return  to  the  question,  What  has  Oreat  Britain 
done  during  the  first  half  of  this  century  In  this  great 
department  of  scientific  thought?  Single  great  names,  like 
those  of  Harvey,'  marked  in  former  centuries  discoveriee 
in  the  natural  sciences  equal  to  those  of  Newton  in  the 
mathematical ;  the  name  of  Kay''  is  still  preserved  in  the 


'  William  Harvey  (1578-1857),  k 
D&tive  of  Kent,  raceiTed  hia  medical 
educatioD  id  Ittiy,  etpecMlj  in 
Padua,  under  Faloiciiu  of  Acqua- 
peadente.  The  discovery  of  the 
cireulalion  of  the  blood  bolonga  to 
the  year  1S16,  and  is  almodt  oon- 
temporary  with  Napier's  invmlioD 
of  logaiithma.  'Due  discovery  ii  odd - 
ttunol  io  the  manuuript  of  Harvey'i 
lecture*  preserved  in  the  British 
Huaeum,  but  the  publication  did  not 
take  place  till  1S28  ( '  Eiercitatio 
anatomica  de  motu  corpona  at  eao- 
guinia  in  auimalibus, '  published  at 
Fraukfort).  Although  Harvey  was 
drawn  into  long  controveraias  hy 
hia  publication  of  this  work,  he 
had  the  satisfaction  of  eenng  hia 
discovery  generally  recogniBad.  Des- 
cartea  abroad  took  Harvey's  put  in 
his  letter  to  Beverwijck  in  1S37,  and 
In  his '  Diicoura  de  la  H^thode,'  pub- 
lished in  tte  same  year ;  and  it  is 
noteworthy  that — aa  haa  baen  the 
«»■«  witb  many  subsaquent  Engliidi 
discoveries — the  &rst  great  acknow- 
ledgment came  from  the  ContineDt, 
notably  Holland.  The  acceptance  in 
France  by  the  facaltiea  of  Paris  and 


Hontpellier  was  lees  rajnd,  and  in 
England  it  is  well  known  that  Lord 
Barajn  took  no  notice  wther  of 
Harvey's  discovery  or  of  Napier'B 
invention.     See  James  8pedding's 

Sreface  to  the  "De  interin«tatione 
atune  Procamium"  in  works  of 
Lord  Bacon,  voL  iiu  p.  G07,  kc. ;  also 
Harvey's  own  opinion  on  Bacon,  ibid., 
p.  tlG.  Hobbas,  on  the  other  hand, 
' '  was  eager  to  accept  Harvey's  revo- 
lutionary discovery  "  (Croora  Bob- 
ertoon, '  Hobbes,'  p.  123],  and  refers 
to  Harvey  in  the  dedication  of  the 
'DeCorpore'  (186S)  as  "the  only 
man  I  know  that,  conquering  envy, 
bath  established  a  new  doctrine  in 
his  lifetime"  (ibid.,  p.  1S7  n.}  On 
Harvey's  other  works,  notably  on 
the  work  '  De  Oeneratione,'  see,  inltr 
of  (a,  Huxley,  '  Scienoe  and  Culture,' 

issa,  p.  3SS,  &c. 

*  John  Ray,  or  Rajus,  aa  he  is 
caUed  abroad  (ie2B-170Gl,  a  native 
of  Essex,  was  a  Cambridge  man  ; 
he,  however,  gave  up  his  fellowship 
in  1862,  feeling  himself  unable  to 
Bubecribe  to  the  Act  of  Uniformity 
of  1S61.  He  was  ona  of  the  first 
great  classifiGrs  of  plants ;  he  col- 
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Society  called  after  him :  in  more  recent  times  Hutton 
formed  a  echool  in  geology  which  was  opposed  to  that  of 
Werner,  emanating  from  Germany,'     Hunter,  the  anato- 


lectod  >  nut  amount  of  information, 
b^innmg  with  the  neighbourhood 
of  Cambridga  and  extending  it  in 
travila  over  Great  Britain  and  the 
Continent  with  Willoughb^.  The 
'Hietoria  FUnbuum '—-describing 
lS,fl2G  npeciea  of  plants— appeared 
from  1085  to  1704  in  3  vole.  The 
fint  volume  contains  a  chapter  on 
the   anatomy    and    phfeiology    of 

Elanta,  which  was  much  extolled 
J  Cuvier  and  recommendad  fur 
republication.  The  "  Ray  Sodetjr," 
started  in  1S44  "for  the  pub- 
lication of  worka  on  Natural  His- 
tory," brought  out  among  many 
otbn'  excellent  and  celebrated 
worke  [such  as  Darwin's  'Mono- 
gt«ph  of  the  Family  Uirripedia'], 
Memorials  (1644)  and  Correspond- 
e  (1S4S)  of  John  Ray  :   it  also 


of  the  "  N»turp*>ilu«)pli>«  Oken'a 
'Elemente  of  Physio- philoeophy,' 
1B47.  A  cont«mporai7  of  John  Ra; 
wBi  Nehemiah  Grew  (1S28-1711), 
one  of  the  fint  to  make  eitenuve 
uee  of  the  microaoope  (invented  in 
Holland  between  ISSO  and  ISDO) 
for  the  examination  of  the  anatomy 
and  pbyiiology  of  planta.  After 
Oldenburg  be  was  Secretary  of  the 
Boyal  Socie^  togetiter  with  Hobke. 
The  Society  printed  hii  'Anatomy 
of  Plant*.'  About  the  same  time 
it  eeenu   to    have    exhausted    its 


unable  to  carry  out  ita  design  of 
defraying  the  cost  of  printing  the 
'Principia.'  This  was  generously 
done  by  Halley.  See  Weld,  '  HU- 
tory  of  the  Royal  Society,'  vol.  i. 
p.  308,  fte. 

'  Beneath  tite  strife  of  the  Wer- 
nniani  and  Huttoniana,  or  the 
Neptuniit*  and  Flutonists  ••  tb^ 


were  termed,  the  real  merits  of 
Robert  Jameson  (1774-18G4)  and 
Jamee  Hutton  (172S  -  97)  have 
aometimeg  been  overlooked.  Both 
were  ardent  naturalists  who  apeot 
their  lives  in  observation  and  study 
of  nature.     Tbey  made  Edinburgh 


forj 


■eof  gr 


this  country.  Jameson  was  SEty 
yean  Professor  of  Natural  History, 
founded  the  £rst  school  of  Natund 
History  in  tbia  country  (see  Cossar 
Bwart's  addreas,  quoted  by  Sir  A. 
Grant,  'Stoiy  of  the  University  of 
Edinburgh,'  vol.  iL  p.  444),  trained 
a  numb^  of  eminent  naturalists, 
among  whom  are  Edward  Forbes  and 
Grant  (N.B.— The  name  of  Darwin 
must  be  added  with  caution,  aee  hi* 
'Autobiography,' vol  i.  p.  44,  ftc.), 
founded  Uie  Edinburgh  Museum  of 
Natural  History,  which  includes  the 
Huttonian  collections,  and  founded 
the  Wemerian  and  Plinian  Societiea 
of  Natural  History.  James  Hutton, 
though  not  a  teacher  like  Jameson, 
exerted  a  great  influence  tbrougfa 
John  Playfair,  who  popularised  bte 
viewa  in  his  '  lUustrationB  of  the 
Huttonian  Theory  of  the  Earth' 
(1S02).  It  is  termed  by  Geikie  a 
"classical  contribution  to  geological 
litenture."  Though  the  oppoaitioa 
of  Button's  theoretical  views  to 
those  of  Werner  gave  bim  a  great 
reputation  as  a  theorist,  it  is  claimed 
for  him  that  he  first  among  geolo- 
gists disoloimed  the  intention  of 
investigating  the  origin  of  things, 
and  thus  put  an  end  to  the  ooamo- 
Koniee  of  the  eighteenth  oentury. 
Such  had  been  promulgated  in  all 
the  three  countries  by  the  most 
illustrious  philosophers  and  natural- 
ists, by  Burnet,  Buflbn.and  Leibniz. 
On  Hutton's  great  merits  see  es- 
pecially Huxley,  "Essay  on  Oeolo- 
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mist,  acquired  a  world-wide  reputation  in  the  latter  part 

of  the  eighteenth  centurj. 

Many  other  students  of  nature  could  be  added  to  this 

list.     Perhaps  none  has  acquired  greater  popular  celebrity 

than  Jenner.^    Thia  he  acquired  through  his  extraordinary 

disooveiy,  by  which  he  grappled  successfully  with  one  of 

the  moat  prevalent  and  distressing  epidemics  from  which 

former  generations  bad  to  sufTer.     The  study  of  animated 

nature,  the  observation  of  the  sky  and  the  heavens,  have 

always  been  favourite  occnpationa  of  Englishmen.     The 

love  of  travels  abroad  and  of  the  country  at  home  has 

favoured  a  close  intercourse  with  nature.     A  fickle  and 

humid  climate  invited  the  superior  akill  of  the  agriculturist 

and  the  gardener,  and  rewarded  them  with  heavier  crops 

and  more  luxuriant  verdure.'    The  chill  of  the  loi^  wintoF 

peal  Reform"  (lSfl9.  Reprinted 
in  ■  La;  Sermcnu  and  AddrMaee,' 
So.  11).  He  U  then  consideied 
ae  the  Gnt  repmentative  of  "  Uni' 
fortoitariaaiam "  agunat  the  older 
"  Cataatrophlam. "  Uniform  itarian- 
ism  has  baen  followed  bj  "  EtoIu- 


1  Edward  Jenoer  (1749-1828), 
one  of  the  greatest  benefaotorg  of 
mankind,  ipent  tweut;  yean  on 
tha  farms  of  Olouoeatenhire,  fol- 
lowing the  advioe  of  his  friend  and 
maater  John  Hunter,  "  Don't  think, 
but  try, "  before  be  undertook  tbe 
first  inoculation  of  oowpox  on  the 
14th  of  Ha;  17Se.  About  the  end 
of  the  oentuT7  the  proceas  of  vsoci- 
naiion,  whitdi  dispelled  the  older 
proceaa  of  inoculation — introduced 
into  England  b;  Lad;  Mar;  W. 
Montagu  in  1721  —  had  become 
gentimlly  known  in  Europe.  The 
f^Temmenta  of  t^  Revolution  in 
fVkDoe  aod  the  Academy  of  Sa- 
•Doea  had  at  the  end  of  toe  century 
occupied   thenuelTn  a  good   d«^ 


with  the  cure  of  smallpox,  both  Vol- 
taire and  d'Alembert  having  taken 
great  interest  in  tbe  subject. 

'  Tbe  yield  of  an  acre  in  wheat 
is  in  England  about  30  bushels  or 
one  ton  of  grun ;  next  comes  Bel- 
gium, then  Qermany,  then  France ; 
the  average  yield  in  the  Uuited 
States  of  America  is  barely  one-half 
of  that  in  England.  The  yield  of 
an  acre  in  Scotland  exceeds  slightly 
that  in  England.  In  Scotland  farm- 
ing is  carried  on  with  much  skill 
and  enterprise,  and,  iu  spite  of  the 
serare  cliinate,  gardening  is  pmb- 
abl;  further  developed  there  Uiaa 
in  any  other  counti?.  It  appcara 
that  the  first  voluntary  organisa- 
tion for  the  improvement  ot  agri- 
oulture  was  the  "Sodety  of  Im- 
provers in  the  Knowledge  of  Agri- 
culture in  Sootland"  formed  in 
1723,  of  which  the  Earl  of  Stair 
was  one  of  the  leaders.  Though  it 
counted  300  members,  it  was  ahort- 
Uved  :  its  '  Select  Transaotiona ' 
were  puUiahed  by  Maxwell  in  1743. 


b,Goo(^lc 


THE  SCIBNTIPIO  8PIH1T  IN  ENOrAND. 


285 


stimulated  active  exercise  and  outdoor  sport ;  the  abun- 
daDt  rains,  which  fed  the  many  rivulets  with  a  constant 
supply  of  fresh  water,  suggested  the  cultivation  of  that 
pastime  of  which  Izaak  Walton  had  left  a  classical  de- 
Bcriptdon,  long  before  Eoueseau  in  France  made  the  love 
of  nature  a  fashionable  sentiment.  Lord  Bacon  pointed 
to  the  study  of  natural  phenomena  as  the  only  source 
of  knowledga  Evelyn  wrote  a  treatise  on  forest-treee, 
and  Uie  old-fashioned  English  flower-garden  is  immor- 
talised in  Bacon's  'Essays,'  in  the  "Winter's  Tale,"  in 
Cowper'a  "  Task,"  and  in  the  works  of  many  other  poets. 
Through  the  literature  of  the  eighteenth  century  there 
runs  a  vein  of  increasing  love  and  knowledge  of  natural 
objects  and  natural  scenery,  beginning  in  Thomson  and 
Gray,  widenii^  and  deepening  in  Erasmus  Darwin  and 
Oowper,  and  attaining  fuU  vigour  and  originality  in 
Bums  and  Wordsworth,  as  also  in  the  school  of  English 
landscape-painting.     William  and  Caroline  Herschel  corn- 


Next  CUDS  ths  Bath  mad  West  of 
EnglBDd  Society,  1777;  tlie  High- 
Und  Society,  1784;  and  the  Na- 
tional Board  of  Agriculture,  179S. 
The  'Farmer'B  Magasine'  wu  ttart- 
«d  in  1800.  About  the  ume  time 
that  Lawea  and  Gilbert  in  England 
and  Liebig  in  Oermany  gave  aiich 
Ml  impetui  to  Hcieotifio  farming 
thmugfa  their  expertoienta  and  pub- 
licalioDB,  "Hr  John  IHnnie  at  Swan- 
atOD,  ueftr  Edinburgh,  having  lug- 
gerted  (1842]  to  some  of  his  neigh- 
bour* the  desirabtenen  of  obtainiug 
the  aid  of  cbemiitiy  to  guide  far- 
mer* in  many  departments  of  their 
busineM,  the  hint  waa  promptly 
Mted  upon,  and  theee  Mid-Lothian 
tenant-farmen  bad  the  merit  of 
ciiginatjng  an  Agricultural  Chem- 
iitiy  Awoinatioi)  (the  firtt  of  ita 


kind),  by  which  funda  were  raised, 
and  an  eminent  chemiat  engaged" 
('Ency.  Brib,'  artiole  "A^cul- 
ture,"  ToL  i.  p.  805).  There  a  pro- 
bably no  country  where  farming  i> 
Buch  a  fa*ourit«  pumiit  of  gentle- 
men of  leisure  and  wealth  as  Great 
Britain,  or  where  the  intelligence 
of  higher  society  and  of  the  univer- 
sities ii  BO  liberally  tianafernd  to 
the  benefit  of  the  country,  of  ila 
population,  its  crops,  and  if  live- 
stock. Among  many  examples  of 
the  peat  and  present  I  mention  as 
an  outcome  of  this  spirit  the  little 
volume  by  Sir  Thomaa  Dyke  Ac- 
land,  'On  the  Chemistry  of  Farm- 
ing' (London;  Simpkin  &  Co., 
1861),  and  hia  liberal  patronage 
of  agriculture  in  the  weat  of  Eng- 
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menced  the  loog  line  ot  amateur  atar-gazers  of  this 
countiy ;  Lake  Howard's  study  of  clouds  drew  from  the 
kindred  spirit  which  lived  in  the  great  Goethe  a  loving 
memorial ;  ^  and  John  Dalton  was  induced  by  the  mists 
and  fogs  of  hia  native  lake  country  to  join  in  the  foun- 
dation of  the  modem  science  of  meteorolc^. 

We  now  discover  the  reason  why  the  strong  individual- 
ism of  the  finglish  character,  which  prompted  new  de- 
partures and  inspired  new  ideas  in  Bcience,  as  it  produced 
adventures  and  novel  enterprise  in  life  and  arts,  has  not 
more  frequently  led  to  discoursing  failures  in  the  latter, 
or  to  eccentricity  and  dreaminess  in  the  former ;  why  it 
has,  on  the  whole,  alike  in  practical  work  and  in  scientific 
study,  been  rewarded  by  signal  success.  The  rare  genius, 
gifted  with  the  power  of  original  thought,  who  found  no 
academy  ready  to  call  him,  no  schools  where  he  could  be 
trained,  no   university  e^er  to   nurse  and  develop  his 


■  Luke  Howanl  (1772-18M],  a 
member  of  the  Society  of  Frieada, 
iraa  one  of  tlie  many  lovers  of  nature 
and  UDBteur  naturaliBla  of  thia 
country  in  whom  new  ■cieac«a — like 
that  of  meteorology^ are  aureed 
during  their  unpretentious  infancy. 
He  himself  gave  a  aimpls  narTBtive 
of  his  life  and  doings  to  the  great 
Qoethe,  who,  attracted  by  his  at- 
tempted classification  of  clouda 
(about  1S02,  published  in  bis  'Cli- 
mate of  London'),  had  addressed 
some  lines  to  bim,  accompanying 
them  by        ■   ■ 


St  abtr,  Howud,  glebt  mlt  nlaea 
II  amm  Lahn  liBrrllchiUin  0«wlnn : 


Bgatlmiat  du  nabBiCLmmt*,  • 


Brinan  dukbar  D«ln« 


Lc  Wsit" 


Goethe  Bubeequently  tried  to  get 
some  Information  about  Howard's 
way  of  life,  "ao  that  I  might  see 
how  such  a  mind  is  formed,  what 
opportunitiM,  what  cireumstanoee, 
have  led  bim  {into  ways  of  looking 
at  Nature  naturally,  have  taught 
him  how  to  devote  himself  to  her.  so 
as  to  find  her  laws  and  to  prescribo 
theaa  again  to  her  in  a  natural  human 
manner."  In  his  autobiographical 
Darrative  (reprinted  in  the  laat  vol- 
ume of  Qoethe's  Worki)  Howard 
refers  to  the  meteoric  phenomena 
ot  17B8,  mentioned  also  in  Cow- 
per'i  Letters  (tSlh  June  1788],  ami 
White's  '  Hiator7  of  3elboma.' 
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talent,  did  not  retire  into  the  deptbe  of  his  own  con- 
sciousness, or  eurround  himself  with  the  artificial  at- 
mosphere of  erudition.  The  result  of  such  a  process 
can  be  abundantly  traced  in  other  countries  and  other 
literatures.  In  England  the  isolation  from  society  and 
the  solitariueBS  of  genius  threw  him  into  the  arms  of 
Nature,  and  she  has  in  many  instances,  in  science,  in 
poetry,  and  in  art,  rewarded  and  refreshed  him  by  a 
novel  inspiration — she  has  lifted  her  veil  to  his  loving 
eye  and  revealed  to  him  one  of  her  secrets.  The  in- 
dividualism of  English  science  has  been  tempered  by 
its  naturalism.  A  type  of  this  peculiar  form  of  the 
naturalist  was  Gilbert  White,  the  natural  historian  of 
Selbome.^ 


'  A.  loog  list  might  ba  given  of 
these  retired  nature -loiing  touU, 
(tmoDg  whom  Chwlei  Du-wio  will 
elways  ruik  u  the  greatest  uid 
most  conspicuoiu.  I  give  here  • 
few  munee  in  addition  to  thoaa 
mentioned  in  the  text. 

John  Qough  of  Kendal  (1757- 
1826)  might,  according  to  John 
Dalton  (we  his  Life  by  Henry,  pp. 
9  and  10],  "be  deemed  a  prodigy 
in  BCientifio  attainment*.  .  .  .  De- 
prived of  tight  in  infancy  by  the 
■mallpoi,  .  .  .  posMuing  great 
powere  of  mind,  he  bent  them 
chiefly  to  the  itudy  of  the  physicsJ 
and  mechanical  sciences.  It  wai  he 
who  first  set  the  example  of  keeping 
a  meteorotogical  journal  at  Kendal ; 
...  he  knew  by  the  touch,  toate, 
and  amell  almost  every  plant  within 
twenty  milea ;  be  could  reason  with 
astonishing  perepicuity  on  the  eou- 
etruotion  of  the  eye,  the  nature  of 
light  and  colours,  and  of  optio 
glaasea,"  &c.,  ftc  For  about  eight 
years  Dalton  and  be  were  intimately 
acquainted. 


Qeo^  Edwarda  (1694-1773)  of 
Stratford,  Eesei,  was  the  author  of 
the  'History  of  Birda,'  which  he 
publuhed  between  1743  and  17S4 
in  six  volumes.  He  bad  journeyed 
through  France  and  other  countries, 
and  gave  engravings  of  ux  hundred 
subjects  not  before  delineated  by 
naturaliata. 

8U11  more  remarkable  was  Thomas 
Edwant  (1814-88),  the  sboemaker 
of  BanCr,  who,  having  been  turned 
out  of  three  schools  for  his  soolo- 
gical  propensities,  without  friends, 
without  a  single  book  on  natural 
hjatory,  not  knowing  the  names  of 
the  creatures  he  found,  gained  a 
knowledge  unique  in  its  freshness 
and  accuracy.  At  the  University 
of  Aberdeen,  where  he  exhibited 
bis  coUectiona,  he  waa  told  by  the 
professors  that  he  came  "several 
centuries  too  soon,"  as  they  had 
then  no  chair  of  Natural  History. 
His  life  has  been  written  by  Smiles, 
1876. 

Edward  Forbes  (131G-G4)  of 
Douglas,  Isle  of  Man,  a  bom  lover 
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Not  long  aft«r  Bay  and  LinnEeus  had  attempted  the 
artificial  and  logical  classification  of  Uving  beingB,  and 
about  the  Bame  time  that  Buffon  in  EYance  infosed  into  the 
literature  of  his  country  a  somewhat  pretentious  love  of 
nature,  Gilbert  White,  in  a  simpler  and  more  healthy  style, 
betook  himself  to  describe  the  aspect  that  nature  presented 
when  viewed  from  the  quiet  home  of  an  English  country 
parson.     He  may  be  said  to  have  represented  that  other 

there  appMred  in  the  'Witnua'a 
seriaa  of  article!  eatitted  "  The  Old 
Bed  Suidstone."  The^  formed  tlie 
DucleuB  of  >  book  of  tiiu  title  which 
MtabliBhed  the  reputation  of  Miller 
•B  an  original  geologut,  u  a  prac- 
tical thinker  and  fasdnating  writer. 
'  Mj  Schoote  and  Schoalmastere '  ia  a. 
miuterpiece  of  the  Englith  language. 
"  In  an  age  prodigal  of  genius,  yet 
abounding  also  in  extravagiuice, 
glai«,  and  bombaBt,  the  eeU-edu- 
cat«d  ttonemaaon  wrote  with  the 
c»liiuieB8  and  moderation  of  Addi- 
son." "The  foeail  remains  seem 
in  hii  glowing  pages  to  live  and 
flourish,  to  &y,  swim,  or  gambol,  or 
to  shoot  up  in  Tcgetative  prolUBion 
and  splendour,  as  in  the  primal 
dawn    of    creation "    (CajTutfaer«, 

Juoted  by  Peter  Bayne  in  'The 
ife  and  Letters  of  Hugh  MUler,' 
2  vols.,  1871), 

David  Kobertxon,  tlie  naturalist 
of  Cumbrae  in  the  Firth  of  Clyde 
(bom  in  ISOfl),  was  a  farm-labourer 
till  he  was  twenty  ■  four,  then 
took  to  the  study  of  medicine, 
and  had  »fterwaj^  tor  many 
years  a  china  and  hardware  shop 
in  Jul  Square,  Qlasgow.  He 
gained  a  sufficient  independence  to 
be  able  to  retire  in  1860  to  Great 
Cumbrae,  where  he  devoted  the 
rest  of  his  life  to  a  study  of  nature. 
Especially  in  "the  marine  section, 
by  his  own  unaided  efforts,  he 
opened  up  in  a  remarkable  degree 
the  Eoolog;  of  the  Firth  of  Clyde. 


of  nature,  "led  an  unusnally  full 
life,  oocupied  Ln  promoting  science 
and  arousing  enthusiasm  and  awak- 
ening inCelligeace  in  others.  To 
almost  every  department  of  biology 
he  rendered  much  service,  especially 
by  connecting  various  branches  to- 
gether and  illustrating  one  by  the 
other.  Though  his  published  works 
have  been  few,  his  ideas  have  been 
as  the  grain  of  mustard-seed  in  the 
parable"  ('Dictionary  of  National 
Biography  ').  After  holding  various 
badly  paid  offices  in  London  and 
elsewhere,  be  succeeded  Robert 
Jameson  as  Professor  of  Natural 
HistoiT  >t  Edinburgh  (see  '  Memoir 
of  B.  Forbes.'  by  Q.  Wilson  and  A. 
Oeikie,  1861). 

Hu^  MiUer  (1302-G8),  the  ielf- 
taught  stonemason  of  Cromarty, 
combined  the  soul  of  an  artist  with 
that  of  a  naturaliat.  Hil  writings 
occupy  a  place  by  themselves  in 
English  Literature.  "The  principal 
scene  of  his  own  Investigations  was 
the  Cromarty  district,  where  he 
raoBBcked  every  wrinkle  of  the  hill- 
side, and  traced  every  stratum  sawn 
through  by  the  watercourse,  and 
where  on  the  beach  at  ebb,  in  in- 
durated day  of  bluish  tint  and 
great  tenacity,  belonging  to  the  old 
Ked  Sandstone  formation,  he  dis- 
covered and  dag  out  nodules  which, 
when  laid  open  by  a  skilful  blow  of 
the  hammer,  displayed  organisms 
that  had  never  been  seen  by  the 
human  eye."    In  September  ISiO 
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side  of  natural  ecieace,  which  doee  not  try  to  comprehend 
nature  through  the  artificial  arrangement  or  classification 
of  a  museum,  but  in  those  connections,  among  her  own 
animate  and  inanimate  objects,  which  constitute  reality, 
and  are  the  characteristicB  of  life  and  development  It 
was  the  real,  not  the  artificial,  Jardin  dea  Flantes, 
where  he  and  his  successors  tried  to  study  natural 
objects  and  the  habits,  of   living  beings.'     Another  re- 


Uaa;  animftlii,  till  then  ftcoouuted 
r*n,  ar«  now  known  to  exUt  m 
common  objecta,  whiU  the  tnn&k 
of  adenoe  bvt«  recMvod  many  im- 
portant kdditionB  of  aoinula  ilto- 
gather  new  to  notanJ  birtory 
rtoorda  —  diMOveriea  whioh  have 
oaiued  the  Firth  of  Clyde,  and  more 
particularly  the  Cumbiae  IsIaadB, 
to  become  one  of  the  beet  explored 
and  most  widely  knovrn  diatricta 
of  Britain "  (Gray,  Sooretftry  of 
the  Olaegow  Natunl  Biatory  So- 
dety,  quoted  by  Thomae  R.  R. 
Stebbingin  hie 'Naturalist of  Cum- 
brae,'  London,  1S91). 

Wniiam  Pearmn  (t7«7-ie«7)  of 
Bordenide,  Croethwute,  near  Ken- 
dal, waa  a  self-educated  yeoman, 
who  after  many  yeara  apent  in  a 
bank  at  Hancheiter  retired  to  a 
■mall  patrimonial  estate  on  the 
■outhem  border  of  Weetmorlaud. 
He  poeaeesed  a  choice  collection  of 
booka,representiQgfu]ly  the  English 
poeta  of  all  agea,  and  in  tranelation 
the  beat  Qciriiiaa  author*.  "  Of 
the  halnta  of  birds  and  other  native 
ereaturea  around  him  be  was  a 
watchful  obaerver,  aod  be  deacribed 
them  in  pureat  Enf^liah  with  a 
charm  that  suggested  no  diudvan- 
tsgeoua  compariaoQ  with  White  of 
Selbome"  (see  Qrovea,  'Life  of 
Hauulbon,'  vol.  iii.  p.  16).  He  waa 
a  frieod  of  Wordsworth. 

To  (hia  liet,  which  could  be  in- 
definitely extended,   I   might  add 
another,   beginning   with   Thoma* 
VOL.  I. 


Bewick  (J7B8-1828),  the  rerivar  of 
wood -engraving  in  E^land,  who 
lent  hia  art  and  life  to  die  delinea- 
tion of  oaturs.  'Britiah  Birds' 
(1797-1804)  is  a  standard  voA  on 
tbe  borderland  of  art  and  acience, 
in  which  many  other  British  artiste 
have,  in  humbler  or  more  extensive 
fields,  laboured  with  so  much  faith- 
fulneea  and  sucoeaa. 

'  The '  Complete  Angler '  and  the 
'Natural  Hiatory  of  Selbome,'  are 
lypea  of  a  cl»«s  of  literature  peculiar 
to  thia  country.  In  these  claaaical 
productiona  we  are  introduced  into 
the  nursery  of  Engliah  thought,  po- 
etry—nay, of  science  itself.    These, 


of  the  land,  on  their  part  reoeive 
valuable  ideas  from  a  atudy  of 
nature.  The  purity  and  origin- 
ality of  English  art  and  postiy  have 
their  home  in  the  same  region. 
QUbort  IVhite  (1720-63)  waa  bora 
and  lived  in  the  little  Hampahire 
village  of  Selbome,  He  was  one  of 
five  brothers,  all  of  whom,  in  vari- 
oua  positions  and  vocations  of  life, 
followed  the  study  of  nature  in  its 
minute  and  local  aspects,  combining 
with  it  an  antiquarian  taste.  Ha 
may  not  only  be  classed  viith  the 
naturaliBta,  but  belongs  also  to  that 
class  of  writeia,  peculiar  also  to  Eng- 
land, who  devote  their  time  to  the 
compilation  of  local  records,  of 
county  histories,  and  to  the  preser- 
vation of  the  relica  and  memoriab 
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action  againBt  the  theorising  methods  which  had  come 
over  from  the  Continent  led  to  the  formation  of  the 
Geological  Society  in  the  year  1807.  At  that  time 
the  war  of  the  Wemeriana  and  Huttonians,  or,  as  they 
were  also  called,  the  Neptuuists  and  Flutoniste,  was  rag* 
ii^  in  the  northern  nietropoli&     The  Geological  Society 


record  observations,  and  patiently  to  await  the  result  at 
some  future  period — that  is,  its  founders  resolved  to  apply 
themselves  to  descriptive  geology,  thinking  the  time  not 
come  for  that  theoretical  geolc^  which  had  then  long 
fired  the  controversial  ardour  of  Neptunists  and  Plu- 
tonists." '     Fifty  years  after  the  formation  of  this  society 


of  country  life  in  bjgone  centuriea. 
Tha  aeriea  uf  letters  written  be- 
tween tJie  yeara  1766  and  1787 
coDtaining  "the  obBerVBtioDS  of 
fortj  yeftra,"  and  publiehed,  1789, 
with  the  title  '  The  Katursl  Hiitoiy 
and  Antiquities  of  Selbome,'  had 
the  object  "of  laying  before  the 
public  hia  idea  of  parochial  history, 
which,  he  thinks,  ought  to  ooneist 
of   natural  productione  and  occur- 


B  well  at 


itiquitl 


ofull  that  that  dis- 
trict produces  the  greatest  variety 
which  is  the  moat  examined."  He 
early  ineisto  on  the  necessity  of 
moDOgnphs  in  natural  history ; 
■uggeeta  the  UBefulnesa  of  a  "  full 
history  of  noxious  insecta";  giiee 
in  a  series  of  letters  a  futhful  and 
minute  description  of  the  swallow 
tribe  aa  they  are  found  in  hia 
country  ;  trarerses  the  Downs  of 
Surrey  with  a  loving  eye  a  hundred 
yeara  before  they  became  celebrated 
through  the  greater  Darwin  ;  makea 
valuable  observations about"eartb' 
worma,"  auggealdug  a  monograph 
on  them ;  suggests,  in  an  age  which 
was  governed  by  the  Byatematising 


mania,  that  "the  botanist  should 
study  plants  philoeophically,  should 
investigate  the  laws  of  vegetation, 
ahould  promote  their  cultivation, 
and  graft  the  gardener,  the  planter, 
and  the  husbandman  on  the  phy- 
tologiat,"  as  "system  should  be 
subservient  to,  not  the  main  object 
of,  pursuit." 

'  "  The  one  point  the  cataatro- 
phists  and  the  uniformitariana 
agreed  upon  when  this  society  waa 
founded  waa  to  ignore  it  [viz.,  geo- 
logioal  epeculation].  And  you  will 
find,  it  you  look  bock  into  our  re- 
cords, that  our  revered  fathers  in 
geology  plumed  themselves  a  good 
deal  upon  the  practical  fieose  and 
wiadom  of  this  proceeding.  A>  a 
temporary  measure  I  do  not  pre- 
sume to  challenge  its  wisdom  ;  hut 
in  all  organised  bodies  temporary 
changes  are  apt  to  produce  per- 
manent effects;  and  as  time  has 
slipped  by,  altering  all  the  condi- 
tions which  may  have  made  such 
mortification  of  the  scientific  flaah 
desirable,  I  think  the  effect  of  the 
stream  of  cold  wat«r  which  baa 
ateadOyflowed  over  geological  specu* 
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the  author  from  whom  I  quote,  Dr  Whewell,  in  the  third 
edition  of  hie  '  History  of  the  Inductive  Sciences,'  could 
still  say  that  "  their  task  was  not  yet  finished,  their  mis- 
sion not  jet  accomplished — that  they  had  still  much  to 
do  in  the  way  of  collecting  facts ;  and  in  entering  upon 
the  exact  estimation  of  causes,  they  have  only  just  thrown 
open  the  door  of  a  vast  lal^rinth  which  it  may  employ 
many  generations  to  traverse,  but  which  they  must  needs 
explore  before  they  can  penetrate  to  the  Oracular  Chamber 
of  Truth." '    One  of  the  many  individuals  in  this  country       bl 

Wllllun 

who  "  had  long  pursued  his  own  thoughts  without  aid  and  smitb. 
without  sympathy  "  *  was  William  Smith.     "  No  literary 


IfttioD  withiD  then  milt  hM  been 
of  doubtful  beiiefic«Dc«"  {Huxley 
OD  "Oeologioal  Heform,"  Address 
to  the  Qeologiosl  Society,  1889 ; 
reprinted  in  '  Lay  Sermons,'  Ac , 
1891,  p.  207). 

'  8*8  Whewell,  'History  of  the 
inductive  Sciences,'  3rd  ed.,  voL  iii. 
pp.  428,  618.  Lyell, '  FriDciplea  of 
Oeoloey,'  3rd  ed.,  vol.  i.  p.  102,  tui. 

'  Whewell,  loe.  ait.,  vol.  iii.  p. 
427.  William  Smith  (1709-1839), 
k  nkUve  of  Oxfordshire,  has  been 
called  the  Fatlier  of  English  Oeo- 
l^j.  He  WM— like  so  miny  other 
natuntlists  of  this  countiy  —  sn 
amateur  in  his  scientifia  studies, 
which  were  conducted  on  the  occs- 
aions  of  his  elaborate  surveys  of 
Oxfordshire,  Warwickshire,  and 
Somersetshire  in  connection  with 
the  engineering  of  several  canals. 
He  initiated  in  England  the  science 
called   on   the   Continent  "Strati- 

Saphy,"  observed  the  succeaiive 
yera  in  the  geological  structure 
of  the  country,  and  in  17S9  pre- 
pared a  tabnUr  view  of  the  order 
of  the  strata  and  their  organic 
remains  in  the  neighbourhood  of 
Bath.     For  many  years  after  this 


he  was  occupied  in  meparing  his 
Geological  Map  of  England  and 
Walee,  which  appeared  on  the  five 
miles  to  the  inch  scale  in  I81G  in 

fifteen  sheets.  He  was  popularly 
known  as  "  Stratum  South,"  but 
remained  almost  uokoown  abroad, 
as  be  himself  also  seems  to  have 
taken  little  notice  of  Continental 
geology  or  prevailing  theories. 
Though  be  b«gan  earlier  than  Cu- 
vier  and  Brongniart,  they  anCici-  . 
pated  him  by  publishing  in  1811 
their  miaeralogical  description  of 
the  Paris  Basin,  thus  becoming  the 
founders  of  the  sdenoe  of  palwon- 
tolo^  (see  Peechel,  'Qeachichte 
der  Erdkunde,'  MUnchen,  1877,  p. 
714,  fee.}  Of  the  Geological  Hap 
Lyell  says  ( '  Principlee  of  Geology, ' 
vol.  i.  p.  101)  that  it  "remains  a 
lasting  monument  of  original  talent 
and  Bitraordinary  perseverance ;  for 
he  bad  explored  the  whole  country 
on  foot  without  the  guidance  ot 
previous  observers  or  the  aid  of 
fellow-labourers,  and  had  succeeded 
in  throwing  into  natural  divisions 
the  whole  oomplicated  seriee  of 
British  rocks." 
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cultivatioit  of  his  youth  awoke  in  him  the  speculative 
love  of  symmetry  aod  system ;  but  a  singular  oleamees 
and  precision  of  the  cloBsifying  power,  which  he  poaseesed 
as  a  native  talent,  was  exercised  and  developed  by  exactly 
those  geological  facts  among  which  his  philoeophical  task 
lay.  Some  of  the  advances  which  he  made  had  been 
entered  upon  by  others  who  preceded  him ;  but  of  all 
this  he  was  ^orant,  and  perhaps  went  on  more  steadily 
and  eagerly  to  work  out  his  own  ideas  from  the  persuasion 
that  they  were  entirely  his  own."  In  what  he  did  and 
published,  beginning  with  the  year  1790,  "  we  see  great 
vividness  of  thought  and  activity  of  mind  unfolding  itself 
exactly  in  proportion  to  the  facte  with  which  it  had  to 
deaL"^ 

About  the  same  time  that  geological  studies  received  a 
great  impetus  in  this  country  from  two  distinct  centres — • 
the  philosophical  teaching  in  the  Scotch  metropolis,  and 
the  more  empirical  labours  of  the  Geolc^cal  Society — a 
signal  discovery  in  another  line  marked  a  great  step  in 
anatomy  and  physiology.  This  was  Charles  Bell's  dis- 
covery, in  the  year  1807,of  thedifTerence  between  senBory 
and  motor  nerves,  "doubtless  the  most  important  accession 
to  physiolt^cal  knowledge  since  the  time  of  Harvey."  * 

'  WheweU,  ioc.eit.,p.  *23. 

'  This  Btatflment,  taken  from  Dr 
Honrj'B  'Report  of  the  British  A»- 
sociatioQ,'  vol.  vL,  aad  repeated  bj 
Whawell  (toe.  eit,  vol.  iii.  p.  352), 
probably  requires  a  correction,  since 
Du  BoiB-Reymond  and  others  have 
placed  in  their  true  biatorical  posi- 
tion the  great  meritB  of  Descartes, 
who  by  the  diBCoTerj  of  the  principle 
of  "reSei  action  "did  for  the 
physiology  of  motion  and  sensation 
that  nhich  Harvey  bad  done  for 


the  ciroulation  of  the  blood,  and 
opened  up  that  road  to  the  me- 
cbaoiical  theoi?  of  these  proceseai 
which  has  been  followed  by  all  his 
BUCceesor«"  (Huxley  in  {bis  oddreea 
to  the  British  Aasoci&tion  at  Bel- 
fast, 187ii  reprinted  in  'Science 
aud  Culture,  &c,'  p.  200,  &c.)  The 
first  enunciation  of  the  principle  of 
refiei  action  had  been  variously 
ascribed  to  Job.  MUUer,  Frocbaaka, 
Willis,  till  Du  Bois-Reymond  in  his 
most  ioteraling  'OedaohtQissnde 
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Bell's  career  was  a  unique  one.  He  had  early  severed 
his  coDnection  with  the  great  medical  Bchools  of  Edin- 
bui^h,  where  his  brother  taught.  He  lectured  and  prac- 
tised privately  in  London,  where  he  gained  a  considerable 
reputation ;  but  in  his  case  also  it  was  on  the  Continent 
that  his  greatness  was  more  generally  recK^ised.  As  in 
Balton'a  case,  his  countrymen  were  alow  to  do  him  justice.^ 
In  France  he  had  so  great  a  name  that  a  celebrated 


auf  Job.  H<Ul«r'  (Berlin  And., 
ISB9)  ihowed  bow  the  merit  of 
eDunciating  it  u  due  to  Deacartas, 
«ho«a  tract  on  'Lea  Fauioui  de 
I'Ame'  was  published  in  1649. 
Both  Du  Boii-Heymoiid  and  Hiulajr 
give  full  extracts  from  the  writings 
ofDeaoartea.  There •eems.boweTer, 
to  be  >ome  doubt  to  what  extent 
Descartes  subetantiatad  his  meahao- 
ical  view  of  the  action  of  the  nerv- 
ous system  by  actual  experiments. 
Richet  in  bis  'Phyaioiogie  dee 
Mluclea  et  dee  Nerfa  '  (Paris,  ISS2, 
p.  606,  &c)  refers  to  this,  and 
while  giving  Deeeartea  his  due, 
also  says  that  practically  from  the 
time  of  Qalen  to  Charles  Bell  no 
tnarlied  progreas  lied  been  made 
in  the  knowledge  of  the  nervous 
sjiatem,  and  that  thia  belongs  al- 
most entirely  to  the  ninetMtnth 
century  (pp.602, 607, BU).  Huxley, 
who  takes  a  much  bigber  view  of 
the  merits  of  Deocartes,  says  he 
waa  not  only  a  speculator,  but  also 
on  obaerver  and  diaaector  {loB.  oil., 
p.  201),  and  actually  placee  him 
at  the  bead  of  modem  physiology 
(p.  884,  &c) 

>  Cbarlat  BeU  (1774-1842) 
bom  at  Edinburgh.  His  elder 
brother,  John  Bell  (17S3-1E  .. 
who  wea  a  lecturer  of  great  repute 
ID  the  extra-mural  Scboolof  Surgery 
at  Edinburgh,  first  drew  his  atten- 
tion to  the  medical  profeesion.  It 
WM  only  late  in  life,  and  after  he 


of  Surgery  at  the  University  of 
Edinburgh,  which  had  been  created 
in  1831,  and  it  does  not  appear 
that  be  was  at  alt  sufBdently  ap- 
preciated in  this  poeition  :  he  used 
to  lay,  "  I  aeem  to  walk  in  a  city  of 
tombs,"  being  unknown  in  the  dty 
of  his  l>irth  (see  Sir  A.  Grant, 
'  Univewity  of  Edinbutgb,'  Tol.  it 
p.  463).  Whilst  Charles  Bell  es- 
tablished the  difference  of  sensory 
and  motor  nervea,  and  dispelled 
"  tbe  confusion  which  prevuled  up 
to  that  time  in  tbe  minds  of  anat^ 
mists  and  physiotogiats  regarding 
tbe  functions  of  the  various  nerves," 
the  merit  of  proving  by  strict  ex- 
periment tbe  correctneea  of  Bell's 
theorem  belongs  to  Johannes  Mliller 
(1881),  who  ahowed  it  in  the  frog, 
and  to  Magendie  and  Longet,  who 
succeeded  in  exhibiting  it  in  warm- 
blooded animals.  Up  to  the  date 
of  MUUer's  experimental  proof  no- 
body regarded  "  Bell'a  doctrine  as 
more  than  an  ingenious  and  indeed 
plaunble,  but  nevertheless  not  suf- 
Dinently  demoDBtrated,  idea"  (aee 
Du  Boia-Rejmoud,  '  Reden,'  voL  ii. 
p  17S,  Ac  ;  aleo  Henle's  descrip- 
tion of  the  demonstration  given  by 
UUUer  in  Paris  on  tbe  13th  Sep- 
tember 1831  to  Humboldt,  Dutro- 
chet,  Valenciennes,  and  Laurillaj^, 
in  'Jacob  Henle,'  bj  Merkel,  1891, 
p.  88). 
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anatomical  professor,  when  Bell  visited  his  lecture-room, 
dismissed  his  class  with  the  worda, "  C'est  assez,  messieuis, 
vouB  ftvez  vu  Charles  Bell." 

In  Germany  one  of  the  great  achievements  of  Johannes 
Miiller,  throi^h  which  he  acquired  European  celebrity, 
-waa  hiB  actual  experimental  proof  of  Bell's  thesis,  with 
which  he  had  occupied  himself  for  many  years. 

Instances  might  be  indefinitely  multiplied,  showing  the 
individual  greatness,  but  also  the  isolation,  of  English 
men  of  science  and  their  discoveries ;  bow  the  latter  ema- 
nated so  frequently  from  the  depths  of  original  genius 
in  intimate  communion  with  nature ;  bow  they  as  fre- 
quently lacked  those  social  advantages,  that  organisation 
for  development,  which  the  great  schools  and  establisb- 
meute  of  the  Continent  all  through  the  century  have  pos- 
sessed in  so  eminent  a  degree.  Not  only  in  the  study 
of  nature  has  this  individual  character  of  British  research 
shown  itself,  though  it  is  here  most  conspicuous.  In  the 
exploration  of  foreign  lands  and  the  monuments  of  by- 
gone civilisations — in  the  historical  branches  of  research, 
we  meet  with  similar  pioneer  work.  Who  does  not  recall 
the  names  of  Dr  Young  and  of  Layard  ?  I  will  mention 
only  one  instance  of  this  kind,  where  individual  ability 
joined  to  fortuitous  circumstances  laid  the  foundation  of 
a  new  branch  of  research  on  the  borderland  of  natural 
and  political  history,  the  geography  of  ancient  and  modem 
Greece — the  exploration  of  the  land  which  produced  the 
most  remarkable,  and  perhaps  the  most  intense,  culture 
which  the  world  has  yet  seen.    Note  what  Ernst  Curtius ' 

'  3ee  hia  etsafmthe'PreuBsisahe  I  Welteifer  der  Hatiooen  in  der 
Jahrbilcher,'  vol  SS,  on  M.  W.  Wiederentdeckung  der  Lander  dM 
Jj«tke,   and   his   discoUTM,    "Der  |  AIUrthuoM"  (1880),  both  reprinb- 
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Bays, — the  man  to  whom  we  are  most  indebted  for  the 
systematic  historical  and  artistic  study  of  this  remarkable 
country ;  whose  mind  has  better  than  any  other  succeeded 
in  representing  to  itself  the  natural  and  ideal  features  of 
that  country  and  that  bygone  race,  and  who  has  drawn  in 
his  writings  a  series  of  pictures,  reproducing  that  past 
glory  in  unequalled  periection.  In  tracing  the  begin- 
nings of  the  modem  science  of  archteology  or  historical 
geography,  he  assigns  to  England  and  Englishmen  a  fore- 
most place  as  pioneers.  "  In  England  there  was  no  medi- 
aeval tradition  which  su^ested  expeditions  to  the  East, 
nor  did  there  exist  any  external  occasion  or  public  inter- 
est, but  it  was  a  free  and  purely  human  attraction  which 
led  Britons  to  the  classical  soil,  and  private  means  have 
made  all  the  sacrifices  that  were  required  in  order  to 
satisfy  a  craving  of  the  soul.^  .  .  .  England  became  the 


ed  in  that  vbluabla  eoUectioD,  '  Al- 
terthnm  und  0«g«nwMt,'  8  toIi., 
Btrliu,  1882  uid  1S89.  In  the  re- 
disooTMy  of  th«  countrtee  of  utcieot 
ciTiliBotioD,  Italius  made  the  be- 
EiDaiog  with  CTriaciu  of  Ancoiui 
(from  1412  to  U42).  Then  follow 
the  French — Jacob  Spoa  of  Lyoo*, 
a  Oermui  by  birth,  being  MnoDg 
the  earliest  ( 1 S76).  The  ganeratjon 
that  lucceeded  the  age  ^  Scoliger 
produced  the  fint  maps  of  Greece 
(Paulmier).  Then  follows  England, 
where  the  name  of  Arundel  baa  oo- 

Suired  a  doubtful  cetebiit j  through 
[)at  wholeaale  acquUitioD  of  an- 
cient relica  which  Mr  (afterwards 
Sir  William)  Petty  and  John  Evelyn 
carried  on  in  hu  name  in  Greece 
and  Aaia  Slioor.  It  it  interesting 
to  Dote  here  the  poeitjon  that  Ger- 
many holds  in  the  growing  ecienc* 
of  archfEology,  of  wbieh  winckel- 
mami  m^  be  ooneidered  the  foun- 
der.    "Tim  Gtormani  poaaeoaed  no 


advantagea  and 


f  which 


they  could  take  part  in  the 
teat  of  nations  otot  the  rediscovery 
of  the  countries  of  ancient  history. 
.  .  .  Whilst  in  Italy  it  wag  naUonal 
feeling,  in  France  political  relatjona 
with  the  East,  in  England  the  lore 
uf  collecting  and  travelling  common 
among  the  aristocracy,  which  estab- 
lished the  connection  of  the  Old 
World  with  the  New,  in  Germany 
it  was  the  workroom  of  the  profes- 
sor ■'  (Curtius,  loc.  cit. ,  vol.  il  p.  22B). 
'  B.  Curtius,  loc.  cit.,  toL  iL  p.  228. 
"In  the  year  1742  Stuart  and 
Rerett  wandered  among  the  ruins 
of  Rome,  and  reccwnised  that  in 
its  relics  they  beheld  only  later  and 
degenerate  forms  of  ancient  art- 
Six  years  later  they  set  sail  for 
Greece,  It  was,  after  Cyriacus  of 
Ancona  and  Jacob  Spon  of  Lyons, 
the  third  journey  of  exploration ; 
but  it  was  the  lirst  in  scientific  im- 
{p.  227). 
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treasury  of  the  wonders  of  the  East,  and  whilst  the  Con- 
tinent was  closed  to  her,  hei  travellers  fiocked  to  Hellas, 
tegistering  with  marvellous  patience,  watch  in  hand,  on 
the  back  of  the  slowly  marching  mule,  piece  by  piece,  the 
remains  of  antiquity.  .  .  .  The  political  mission,  headed 
by  Martin  Wilham  Leake,  waa  as  such  quite  unsucceseful ; 
for  science,  it  waa  of  priceless  value :  from  the  moment 
that  Leake  trod  on  classic  soil  the  reminiscences  of  Homer 
and  Herodotus  were  kindled,  and  he  saw  clearly  his  life- 
work  before  him.  Under  the  powerful  impressions  pro- 
duced by  the  great  table-land  of  Asia  Minor  with  the 
solitary  snow-peak  Argaios,  deeply  moved  by  the  deserted 
places,  marching  over  Grecian  inscriptions,  over  sarcophagi 
and  temple  ruins,  he  felt  the  irresistible  charm  of  the 
attempt  to  explore  and  to  understand  these  homes  of 
ancient  culture.'  .  .  .  The  scientific  result  waa  a  lasting 
gain  for  the  civilised  world,  and  the  travels  which  he 
made  from  1805  to  180?  mark  an  epoch  in  our  know- 
ledge of  Grecian  antiquity."  * 

But  the  labours  of  the  pioneer  in  science,  life,  or  art, 
which  form  so  conspicuous  an  element  of  this  country's 
mental  work  during  the  first  two-thirds  of  the  century, 
must  be  supplemented  and  carried  further  by  a  great 
army  of  patient  and  trained  explorers.  Or^nal  ideas 
must  be  cast  into  an  appropriate  and  el^ant  form  ;  new 
discoveries  must  be  extended  and  criticised  by  strict 
methods  of  research ;  erudition  and  philosophy  are  re- 
quired to  guarantee  completeness  and  depth.  In  the 
lai^  domain  of  the  historical  sciences  these  labours  of 


b,GoO(^lc 


THE  scrBaJTinc  sfirit  in  England.       297 

the  school  and  the  study  are  evea  more  important  than 
in  the  e:q>lorstion  of  nature,  and  thus  it  lb  not  surpris- 
ing that  in  these  especially  the  bulk  of  the  work, 
though  frequently  b^un  by  Englishmen,  has  been  car- 
ried on  by  the  great  schools  and  academies  of  the  Con- 
tinent In  the  r^ons  of  exact  science,  with  which  we 
are  at  present  more  immediately  concerned,  there  will 
always  be  a  much  greater  inducement  for  original  minds 
to  forsake  the  beaten  track,  the  recognised  method  or 
Bystem. 

The  genius  gifted  with  a  lai^r  field  of  vision  and  a 
keener  glance  will  always  feel  the  longing  to  return  to 
Nature  herself,  and  the  practical  man  will  be  allured  by 
the  prospects  of  application  of  science  in  the  arts  and 
industries.  Both  will  find  their  reward ;  nor  is  it  likely 
that  the  works  of  Faraday  and  Barwin  should  be  the  last 
illuBtrious  examples  of  great  and  far-reaching  ideas  sprung 
from  the  living  intercouree  of  ordinal  genius  and  nature 
without  the  support  of  any  school ;  or  that  the  practical 
success  of  the  Atlantic  cable  will  be  the  last  fruit  of 
the  rare  combination  of  highest  mathematical  genius  with 
industrial  and  commercial  enterprise.  The  historian  of 
thoi^ht  is  forced  to  admit  that  such  rare  oombinationB 
are  most  likely  to  spring  up  amongst  a  people  who  have 
always  opposed  the  rule  of  systems  and  methods,  of  schools 
and  academies ;  who  have  nursed  and  cherished  an  inti- 
mate communion  with  nature;  and  for  whom  practical 
interests  and  adventures  have  always  preserved  an  irre- 
sistible attraction. 

Living  in  an  age  when  the  foundation  in  England  and 
in  Germany  of  institutions  similar  to  the  Acad^mie  Fran- 
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^oise  haa  been  seriously  diBcuBBed,'  when  the  British 
Aseociation  has  been  copied  abroad,^  and  when  scientific 
men  of  eminence  are  joined  in  conference  as  to  the  advis- 
ability of  founding  a  professorial  university  in  London, 
in  imitation  of  the  great  University  of  Berlin,  it  seems 
appropriate  to  recall  the  various  ways  and  means  by 
which,  mainly  in  this  century,  the  exact  spirit  of  re- 
search, the  mathematical  method  of  investigating  nature 
and  reality,  has  been  established  and  diffused. 

France  was  the  country  in  which  the  modem  scientific 
methods  of  measurement,  calculation,  and  classification 
were  first  practised  on  a  lai^  scale,  reduced  to  a  system, 
and  employed  for  the  investigation  of  the  whole  of  nature. 
The  Academy  of  Sciences,  together  with  the  High  Schools 
of  Science,  the  Natural  History  collections,  and  Medical 
Institutions,  all  in  close  connection,  furnished  an  oz^ni- 
sation  of  the  highest  intelligences  of  the  nation,  by  which 


^  See  Mftttbew  Arnold's  eesaf  on 
'The  Literary  Influence  of  Acad- 
emies,'  and  Du  Boia  •  Bejmond, 
'  Cebereme  Kaiserliche  Akademie 
der  deutachen  Sprsche,'  1874,  re- 
printed in  'Heden,  4c.,'  LeipEig, 
188e,vol.i.p.l41,Jic.  Outheother 
Bide  Bee  Riuley  in  '  Critiques  and 
Addre»e«,'  ed.  of  1890,  p.  113,  kc. 

*  The  British  Assod&tjon,  itself 
estAbliahed  somewhat  od  the  model 
of  the  German  "  Nsturi orscher- 
Ter«amtnlung,"  founded  by  Oken 
and  Humboldt  {see  fupra,  p  2SS) 
in  the  year  1831,  has  become  the 
model  of  the  younger  "Auocis^ 
tion  franfaise  pour  I'AvaDcement 
d«H  Science,"  founded  in  1872 
under  the  preaideacy  of  Claude 
Bernard.  It  held  its  first  public 
meeting  at  Bordeaux  in  1871.  In 
the  opening  »ddr«Mea  of  the  preti- 
dent,  M.  de  Quatrefagea,  and  the 


secretary,  M.  Comu,  the  elder  sis- 
ter in  England  is  referred  to.  A 
characteriBtic  pasiage  in  H.  QuBtre- 
fagea'  address  aii  regards  the  results 
achieTfid  by  Che  Brttiah  AsBociation 
is  the  following:  "Grice  ii  eUe 
une  partie  de  la  population  a  it4 
transform^.  Lee  flls  de  cea  chas- 
seura  de  renards,  qui,  pour  aa 
d^lasser  de  leurs  rudes  pauetemps, 
ne  connaiasaient  que  des  joiea 
^galement  viotentea  et  mat^elleB, 
sont  aujourd'hui  dea  botanistes, 
dea  gdologuea,  des  physiciens,  des 
arch&>loguea "  ('CompCea  Bendus,' 
I^  Besaion,  p.  40).  Folloiring 
the  reaolutioDB  carried  in  1885, 
the  French  Association  amalga- 
mated u  1888  with  the  older  "As- 
sociation Bcientifique  de  France," 
founded  by  Leverrier  in  1864.  See 
'  Compte  Rendu  de  la  16me  Ses- 
sion,' vol.  i.  p.   1,  &c. 
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a  ayetematic  exploration  of  the  heavens  and  the  eattb, 
the  inaaimate  and  the  living  world,  could  be  undertaken. 
At  the  same  time,  the  methods  of  measurement  and  cal- 
culation were  submitted  to  closer  study;  new  scienoee 
were  created  hy  the  application  of  these  methods ;  and 
problems  were  attacked  for  the  first  time,  with  which, 
at  the  end  of  the  century,  the  scientific  world  is  still 
occupied.  It  was  in  France  also  that  the  discoveries  of 
the  laboratory  were  first  applied  so  as  to  contribute  to 
the  revolution  of  arts  and  industries.  In  all  its  different 
expressions — in  the  production  of  works  of  classical  per- 
fection in  substance  and  in  form,  in  ite  application  to  the 
problems  of  life  and  society,  and  in  its  influence  on  gen- 
eral  literature — we  find  the  scientific  spirit,  as  we  know 
it,  fully  established  in  France  in  the  b^inning  of  the 
century.  About  three  decades  later  we  find  this  spirit 
domiciled  in  Germany,  the  study  of  the  exact  sciences 
having  been  gradually  accepted  at  the  German  univer- 
sities as  an  integral  part  of  the  university  cycle.  It  there 
met  the  philosophical  and  classical  spirit,  which  bad  or- 
ganised the  Qerman  university  system  and  the  teaching 
of  the  higher  schools,  and  had  revolutionised  historical, 
especially  philol(^cal,  studies.  What  m^^ht  have  been 
wanting  at  times  in  French  science,  historical  complete- 
ness and  philosophical  criticism,  was  added  in  Germany. 
Germany  has  in  the  course  of  this  century  not  only  be- 
come the  country  where  the  most  faithful  and  exhaustive 
record  is  kept  of  the  scientific  labours  of  the  whole  world, 
but  it  has  also  become  the  country  where  mainly  those 
problems  have  been  attacked  which  lie  on  the  border- 
land of  natural  science  and  philosophy,  the  problems  of 
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life  and  consciousBese.  Modern  physiology,  especially 
paychophysics,  is  claimed  aa  essentially  a  German  science. 
Meanwhile  England,  where  the  introductioD  of  the 
scientific  spirit  as  an  established  canon  of  systematic  and 
methodical  research  was  later  Uian  in  other  countries, 
has  all  through  this  century,  as  before,  continned  to 
do  pioneer  work  in  many  isolated  branches  of  science : 
individual,  as  opposed  to  corporate  effort,  has  here  been 
rewarded  by  a  succession  of  briUiant  discoveries,  which 
have  revolutionised  practical  life  or  opened  out  new 
views  into  the  hidden  recesses  of  nature.  For  the 
want  of  organisations  of  research  and  teaching,  such  as 
other  countries  possessed,  these  ideas  of  English  thinkers 
have  frequently  lain  dormant  or  been  elaborated  by 
foreign  talent ;  but  this  want  of  a  recf^nised  system,  and 
of  a  standard  course  of  study,  has  forced  original  minds 
into  a  closer  communion  with  nature  and  with  life, 
whence  they  have  frequently  returned  to  the  laboratory 
with  quite  novel  revelations.  The  largest  number  of 
works  perfect  in  form  and  substance,  classical  for  all 
time,  belongs  probably  to  France ;  the  greatest  bulk  of 
scientific  work  probably  to  Germany;  but  of  the  new 
ideas  which  during  this  century  have  fructified  science, 
the  lai^r  share  belongs  probably  to  England  Such 
seems  to  be  the  impartial  verdict  of  history.  During  the 
second  half  of  the  century  a  process  of  equalisation  has  gone 
on  which  has  taken  away  something  of  the  characteristic 
peculiarities  of  earlier  times.  The  great  problems  of  science 
and  life  are  now  everywhere  attacked  by  similar  methods. 
Scientific  teaching  proceeds  on  similar  lines,  and  ideas  and 
discoveries  are  cosmopohtan  property.     So  much  more 
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intereeting  must  it  be  for  thrae  who  have  been  bom 
members  of  this  international  republic  of  leamii^  to 
trace  the  way  in  which  this  confederation  has  grown  up 
what  have  been  the  different  national  contributions  to 
its  formation,  and  how  the  spirit  of  exact  science,  once 
domiciled  only  in  Paris,  has  gradually  spread  into  all 
countries,  and  leavened  the  thought  and  literature  of  the 
world. 
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THE  ASTRONOMICAL  VIEW   OF  NATORE. 


1.        So  far  I  have  only  treated  of  the  acientiQc  spirit,  or  of 
SfuwtSt  method  of  exact  research,  in  a  general  way ;  showing 

SScJtt^  how  it  was  firmly  established  and  developed  in  France, 
'™*"^'  how  it  spread  into  Germany,  and  received  there  larger 
and  more  systematic  application,  and  how  in  this  countiy 
it  gradually  and  almost  imperceptibly  grew  out  of  the 
older  experimental  philosophy.  This  growth,  as  we  have 
seen,  took  place  partly  under  the  influence  of  foreign 
science,  but  still  more  through  the  individual  and  un- 
aided labours  of  a  small  number  of  native  intellects  of 
the  very  highest  order,  to  each  of  whom  was  for  a  time 
allotted  the  enunciation  of  some  specially  fruitfiil  idea. 
The  period  referred  to  in  this  survey  was  mainly  the  first 
half  of  our  century ;  in  it  were  most  clearly  marked  the 
characteristic  difierences  between  the  three  great  civilisa- 
tions of  France,  Qermany,  and  England.  A  step  further 
in  time  would  lead  into  the  midst  of  our  own  period — 
into  the  age  which  has  largely  reaped  the  benefits  of  those 
earlier  labours,  both  in  theory  and  in  practice,  fully  realis- 
ing in  many  directions  the  predictions  and  even  the  ideals 
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of  the  pioneers  of  science.  One  of  these  benefits,  and 
perhaps  that  which  to  an  external  beholder  marks  the 
greatest  difTerence  between  the  first  and  the  second  half 
of  the  century,  is  the  greatly  increased  intercourse  which 
now  exists  as  compared  with  the  earlier  years  of  our  cen- 
tury. This  intercourse  has  reacted  on  the  domain  of 
thought,  and  produced  that  exchange  of  ideas  which  a 
promotes  more  rapid  prepress.  It  hardly  belongs  to  the 
history  of  thought  to  analyse^  the  different  steps  by  which 
the  great  change  has  been  brought  about  Still,  a  very 
superficial  glance  will  sutBce  to  show  how  the  work  of 
bringing  about  an  international  exchange  of  ideas  has 
been  very  charaoteristically  divided  among  the  three 
nations  in  which  we  are  specially  interested.  It  was  not 
in  the  interest  of  thought,  of  science,  or  of  literature,  but 
rather  in  that  of  commerce  and  of  industry,  that  the 
modem  facilities  of  intercourse  and  exchange  were  in- 
vented and  introduced.*     We  shall  therefore  expect  to 


'  The  principal  dates  of  the  in- 
b^>ductioD  of  Bteam-engiuea  Kod 
telegraphs  for  facililatiiig  communi- 
Cfttion  are  as  follows  : — 

1802.  ThetugCbarlotteDuDda*, 
built  by  Symington,  was  tried  on 
the  Forth  and  Clyde  Canal. 

1812.  Henry  Bell  built  tlie  Comet 
with  aide  paddle- vheeU.  It  ran  on 
the  Clyde  a«  a  passenger  Bteamer. 

1S2B.  QeoT^eStephen>on'HRoetet 
was  tried  on  the  Stocktim  and  Dar- 
lington Railroad,  which  had  been 
begun  in  1821.  In  the  year  1829 
the  Uverpool  and  Manchester  Rail- 
way was  inaugurated. 

1838.  The  Brat  BtesmboaU.Siriua 
and  Oreat  Western,  crossed  the 
Atlantic. 

1833.  A  oomprebenaive  syatem  of 
railways  was  planned  by  the  French 
and  Balkan  QoTemmenti. 


1835.  The  Gnt  German  railw^ 
was  opened  between  Ntirenberg  and 
Farth.  Theerateleotrictelegraphs 
for  public  use  were  almost  simul- 
taneously constructed  in  Eogland, 
aermany,  and  the  Dnit«d  States — 
the  &rst  successful  line  being  prob- 
ably that  constructed  by  Wbeat- 
stone  and  Cooke  between  1SS6  and 
1310.  The  first  Atlantic  cable  waa 
begun  in  1357,  and  aft«r  repeated 
failures,  which  were  in  the  main 
corrected  by  the  scientific  investi- 
gations of  William  Thomson  (Lord 
Kelvin),  telegraphic  communication 
with  America  was  peraumentl;  es- 
tabUshed  in  ISfiS. 

*  This  remark  applies  fully  to  the 
railway  system,  but  tcarcely  to  the 
development  of  tbe  electric  tele- 
graph, which  was  first  actually  used 
for  scieotiAc  purpOMS  by  ChHua  and 
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find  them  originate  mainly  in  that  countiy  in  which 
those  larger  spheres  of  practical  work  had  grown  un- 
checked and  fiourifihed — in  Great  Britain  and  its  exten- 
sive  dependencies.  To  Germany,  on  the  other  side,  with 
its  fully  developed  system  of  leamii^,  we  are  indebted 
mainly  for  the  complete  recording,  r^;istering,  and  analye- 
ing  of  the  ecientific  labours  of  the  whole  world.    To  France 


Weber  M  OSttingen  m  tbe  jt*r 
ISSS.  l^e  documeDti  refernDg  to 
tikis  iotaresUng  application  have 
noentl;  been  published  in  H. 
Weber's  biographical  notice  of  Wil- 
hebn  Weber,  Breeku,  1893,  p.  25,  &c 
We  r«*d  tbere  tbat  bood  aStti  1830 
QausB  had  been  occupied  with  re- 
ducing hit  mogneticalmeaauremeiits 
to  &□  absolute  scale,  having  laid  his 
oelebratod  paper,  "Intensitas  vis 
magnetic^  ad  meneuram  absolulam 
rerocala,"  before  the  Oottingen  So- 
detyinDecemberof  1832.  Bahad 
induced  Weber  to  take  up  similar 
investigations  at  the  Physical  In- 
stitute, wbicb  nas  situat^  about  a 
mile  distant  from  Qausa's  Observa- 
tory. This  dutanoe  was  found  to 
be  an  inconvenienoe,  and  in  order 
to  overcome  it,  the  first  longer  tele- 
graphic line  in  which  galvanic  cur- 
rents were  used,  and  which  had 
two  wires,  was  carried  overhead 
between  the  two  buildings,  and  the 
instruments  and  signalling  anwige- 
mente  perfected  in  the  ;ears  1833 
to  1836.  Both  Oauss  and  Weber 
were  well  aware  of  the  importance 
of  their  invention  for  practical  pur- 
poses. The  former  wrote  to  Olbers 
on  the  20th  November  1838:  "I 
do  not  know  whether  I  have  already 
written  to  you  regarding  a  magnifi- 
cent arrangement  which  we  have 
made  here.  It  is  a  galvanic  chain 
between  the  Observatory  and  the 
Phywcal  Institute,  carried  by  wiree 
In  the  air  over  the  houses,  up  the 
Johannis  tower  and  down  again. 
liie  whole  length  will   be   s^ut 


SOOO  feet  ...  I  have  devised  a 
simple  arrangement  by  which  1  can 
instantly  reverae  the  direction  'of 
the  current,  which  I  call  a  com- 
mutator. .  .  .  We  have  already 
used  this  contrivance  for  telegraphio 
experiments,  which  succeed  very 
well  with  whole  words  and  short 
la  "       " 


tetegrapii  ii 
taneously  in  this  mauD" 
Gdttinget)  to  Hanover  i 
Hanover  to  Bremen"  (see  Scher- 
ing*!  address  on  the  occasion  of 
Qauss's  centenary,  Qiittingen,  1B77, 
p.  IC,  &c)  To  Schumacher,  6th 
August  183S,  Oauss  wrote  as  fol- 
lows:  "With  a  budget  of  150 
thalen  [£22,  10s.]  annually  for 
Ofaeervatoiy  and  Magnetic  Insti- 
tute together,  raally  eitendve  trials 
cannot  of  course  be  made.  But 
could  thousands  of  thalers  be  be- 
stowed thereon,  I  think  that,  for 
instance,  electromagnetic  telegraphy 
might  bo  carried  to  a  perfection  and 
to  dimensions  at  which  imagination 
almost  starts  back."  Oauss  eeU- 
mates  tbat  Gfteen  millions  sterling 
of  copper  wire  would  suffice  to  reach 
the  antipodes,  and  he  says  signifi- 
cantly, "I  do  not  think  it  impos- 
sible to  invent  a  mechanism  by 
which  a  despatch  could  lie  played 
off  almost  as  mechanically  as  a 
mosical-boi  plays  oET  a  tune  when 
it  is  once  fixed  on  a  roller"  (see 
'  Briefwechsel  Ewischen  Oauss  und 
Schumacher,'  ed.  Peters,  vol,  ii.  p. 
Ill,  &c)     ' 
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we  owe  the  first  b^nningB  of  a  general  and  international 
system  of  unite  and  measurements,  which,  like  the  com- 
mon lAtin  tongue  in  former  centuries,  or  like  the  universal 
languages  of  algebra  or  of  music,  enables  us  to  express  the 
results  of  scientific  research  in  formulie  intelligible  every- 
where and  at  all  times,  without  laborious  translations  and 
time-absorbing  reductions. 

The  effect  of  these  international  labours  has  been  to       s- 

Inupp«u- 
destroy  the  clearly  marked  differences  of  national  thought.  J^"^^ 
At  least  in  the  domain  of  science  the  peculiarities  of  the  ■I"""''**"- 
French,  the  German,  and  the  English  schools  are  rapidly 
disappearing.  The  characteristics  of  national  thought 
still  exist ;  but  in  order  to  find  them  in  the  present  age 
we  should  have  to  study  the  deeper  philosophical  reason- 
ings, the  general  literature  and  the  artistic  efforts  of 
the  three  nations.  Tbese  aspects  of  the  thought  of  our 
century  belong  to  later  portions  of  this  work,  I  hope 
there  to  take  up  many  of  the  threads  which  I  here  break 
off,  as  for  the  present  purpose  they  cannot  be  profitably 
continued.  To  separate  the  scientific  work  of  the  second 
half  of  the  century  according  to  countries  and  nations 
would  lead  to  unnecessary  repetition.  The  second  half  of 
the  century  sees  everywhere  in  the  domain  of  science  the 
dying  out  of  national  restrictions — in  every  country  the 
introduction  of  foreign  methods  and  foreign  models,  foreign 
institutions  and  foreign  apparatus.  The  establishment  of 
an  observatory  or  a  laboratory  in  our  e^  lays  under  con- 
tribution almost  every  civilised  country  in  the  world,  and 
the  most  international  of  sciences — that  of  electricity — 
fixes  its  units  by  the  names  of  discoverers  of  many 
countries. 

VOL.  L  u 
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I  therefore  look  upoD  the  spirit  of  exact  research  as 
thoroughly  domiciled  in  the  leading  couutrieB  of  Europe 
duriiLg  the  second  half  of  the  century,  and  intend  in  the 
sequel  to  explain  more  precisely  the  different  views,  the 
leading  ideas,  under  which  this  research  is  everywhere 
conducted.  These  leading  ideas  have  themselves  been 
more  clearly  brought  out  and  recognised  durii^  this 
period. 

The  narrow  spirit  of  the  Baconian  philosophy  which 
reigned  in  England,  the  vagueness  of  the  philosophy  of 
nature  which  reigned  in  Germany,  during  the  earlier 
decades  of  the  century,  have  disappeared  in  favour  of  the 
more  comprehensive  and  the  stricter  methods  taught  by 
Lavoisier,  by  Monge,  by  Laplace,  and  by  Cuvier  in  France. 
Kew  ideas  of  extensive  bearing  have  been  added,  and  in 
the  light  of  these  the  powers  and  the  limits  of  science 
have  been  more  correctly  recognised. 

To  some  of  my  readers  well-known  names  will  occur 
which  might  serve  as  guides  to  fix  these  leading  ideas, 
under  the  influence  of  which  the  march  of  science  has 
proceeded :  Sir  John  Herschel,  Auguste  Comte,  John 
Stuart  Mill,  and  Whewell  ^  have  indeed  done  much  to 


'  Of  then  writinn  the  earliei 
Sir  John  Herschel^  "  Prelimiiiary 
Discourae  on  the  Study  of  Katural 
Fhilomph;,"  which  ftpprared 
I^rdaer'a  'Cabinet  Cyclopedia' 
1831.  The  writings  of  William 
Whewell  on  the  ■  Histury'  and  'Phil- 
OWpby  of  the  Inductive  Sciences' 
were  begun  about  the  Bame  time. 
They  were  planned  to  serve  three 
diBtinct  objects  —  to  give,  lit,  a 
philoeophical  hiBtoiy  of  astronomy, 
mechanica,  physics,  chemistry,  and 
botany  ;  2nd,  an  analysia  of  tbe  D*- 
ture  of  induction  and  the  rules  of 


its  eierciae  ;  and  3rd,  to  answer  the 
question  of  applying  inductive  pro- 
cesses to  other  than  material  sci- 
encea — aa  philology,  art,  politics, 
and  morals  (see  '  William  Whewell,' 
by  I.  Todhunter,  vol.  L  p.  90}. 
The  '  History '  appeared  in  1837  in 
three  volumes,  a  second  edition  in 
1847,  a  third  in  1867  !  the  '  PhUo- 
aophy'  appeared  in  1S40  in  two 
volumes,  a  second  edition  in  1847. 
In  the  course  of  ita  execution  the 
original  plan  was  not  strictly  ad. 
hered  to— the  scope  of  the  Histoiy 
was  enlaiged  considerably,  and  the 
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familiariBe  the  UBBcientific  public  with  the  progress  of 
science  and  its  canons  of  thonght  And  it  woidd  thus 
appear  natural  to  resort  to  their  teaching  and  their  ex- 
planations. But  this  is  not  the  road  I  propose  to  follow. 
Whewell's  '  History  of  the  Inductive  Sciences,'  being  the 
first  attempt  bo  cotapaes  a  large  subject,  will,  like 
Montucla's  earlier  '  History  of  Mathematics,'  always  re- 
main a  standard  work.  It  was,  however,  written  at  a 
time  when  the  tendency  of  modem  scientific  thot^ht  was 


PhiloBophy  wm  broken  up  into 
diCferect  porta.  Henchsl  stands 
munlj  on  tlie  ground  of  Bacon's 
philogophy,  wbereu  Wbewell  start* 
with  the  remark  that  ' '  Bacon  only 
divined  how  sciencee  might  be  con- 
stniotAd,"  but  that  "we  can  trace 
in  their  history  how  their  construc- 
tion has|taken  place" ;  that  "though 
Bacon's  general  maxims  atill  guide 
and  animate  philoaopbical  inquires, 

Ci  that  his  TiewB,  in  thur  detail, 
Te  all  turned  out  inapplicable." 
He  accordingly  aims  at  a  "New 
Organ  of  Bacon,  renovated  ac- 
cording to  our  advanced  intel. 
lectual  position  and  office "  (Pre- 
face to  Snd  ed,  of  the  '  Philosophy,' 
1817).  In  the  eipoaition  of  liis 
TievTB  Whevell  was  greatly  influ- 
enced by  Kant's  philosophy.  Be 
thus  searches  for  the  fundamental 
ideas  which  underlie  all  scientific 
reasoning ;  for  "  besides  facts,  idesa 
are  an  indiapensable  source  of  our 
knowledge."  The  historical  por- 
tions of  Whewell's  works  liave  met 
with  great  appreciation  in  fiugland 
and  OermaDy  even  from  tboeewbo, 
like  Herschel  {sea  the  review  in  the 
•Quarterly,'  June  I84I)  and  Mill 
(see  '  Autobiography,'  p.  208),  could 
not  agree  with  his  (Ailosophy. 
The  latter  hsa  been  ecHpaed  by 
the  bolder  speculations  of  Auguste 
Comte,  whose 'Philosophic  positive' 
appeared  io  six  volume*  between  the 


years  1830  and  1842  in  France. 
Slill  more  than  Whawell  did  Comte 
emphawse  the  necessity  of  learning 
from  the  exact  sciences  how  to 
treat  economical  aod  social  prob- 
lems in  a  methodical  manner. 
Instead  of  the  minute  and  fre- 
quently hsstta^g  elaboratioDS  of 
Whewell,  wo  find  in  Comte  the 
bold  generaliiation  of  the  thr«e 
BtAges  of  knowledge — the  theologi- 
cal, metaphysical,  and  poaitive, — 
which  form*  the  groundwork  of 
"  Positivism."  Of  more  permanent 
value  than  Whewell's  and  Comte's 
philosophies  are  the  inveatigations 
of  J.  Stuart  Hill,  who  in  his  'Sys- 
tem of  Logic,  Ratiocinative  and  In- 
ductive' [1st  ed.,  1848),  has  laid 
the  foundation  for  all  subsequent 
treatises  on  this  subject,  and  whose 
thoroughgoing  empiricism  is  being 
more  and  more  adopted  by  scien- 
tific thmkeia.  Like  Whewell  and 
Comte,  to  whom  he  acknowledge* 
his  obligations  ('Autobiog.,'  pp.  166, 
SOS,  kc),  bis  ultimate  object  was 
to  solve  the  question  "how  for  the 
methods  by  which  so  many  of  the 
laws  of  the  physical  world  have 
been  numbered  among  truths  irre- 
vocably acquired  and  universally 
assented  to,  con  be  made  instru- 
mental to  the  formation  of  a  umilar 
body  of  received  doctrine  in  moral 
and  political  science"  (Preface  to 
lit  ed.} 
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not  as  dear  as  it  has  become  since,  and  the  work  has 
also  been  superseded  bj  more  detailed  labouts,  espe- 
cially of  Gennan  historians,^  The  '  PhQosophy  of  the  In- 
ductive Sciences,'  by  the  same  author,  was  written  with 
the  object  of  doing  something  towards  determining  the 
nature  and  conditions  of  human  knowledge,  and  had 
thus  a  philosophical  rather  than  a  historical  object  in 
view.  The  same  can  be  said  of  Mill's  '  Logic,'  of  Comte's 
'  PhiloBophie  positive,'  and  of  more  recent  works — such 
as  Jevons'e  '  Principles  of  Science,'  They  form  an  im- 
portant section  of  the  philosophical  literature  of  our 
century,  and  on  future  occasions  I  shall  frequently  have 
to  refer  to  their  teaching.  At  present  I  am  not  about 
to  investigate  the  eternal  principles  of  correct  reason- 
ing, and  the  particular  methods  adopted,  consciously  or 
unconsciously,  by  scientific  writers  of  all  times.  What 
I  desire  to  do  is,  to  enumerate  and  analyse  briefly  the 
changing  ideas,  the  general  views,  under  the  guidance 
of  which  scientific  work  has  progressed  in  the  course 
of  this  century.     No  doubt  the  same  object  was  before 


'  Beeidea  the  norka  on  the  hii- 
tory  of  the  special  Bciencea  con- 
tained in  the  Munich  Collectioa, 
'Oeacbichte  der  Wiaaeoschttften  in 
Deutschlond,'  which  in  muiy  in- 
It&ncea  ia  not  limited  to  Qermui 
■dence  and  learning,  there  ia  the 
unique  '  Qe«chicbte  der  Chemie,' 
by  Hornann  Kopp  [Braunachweig, 
4  Tola.,  1843-47),  the  '  Qeschichte 
d^Phyiik.'bjRiieenbergerfBrsun- 
■chweig,  3  vols.,  1882-60),  and 
Hoaer'a  'Qeschichte  der  Medicin' 
(Wien,  1875-82,  Srd  ed.)  In  addi- 
tion to  the  numerouB  works  of  Qer- 
man  gpecialiata,  1  muat  mtntioD  u  at 
the  firat  importance  and  value  the 
hiatoHea  bj  ibe  late  laanc  Todhunter 


of  the  '  Theory  of  Attraction  and 
Figura  of  the  Earth'  (2  vola., 
1873),  the  'Calculuaof  Vari»tiona' 
(1861),  the  "Theory  of  Probability' 
(1865),  and  the  'Theory  of  Elactic- 
i(y'  (continued  by  S..  Pearson,  2 
Tola,  in  3  parta,  1886-83).  They 
Bupplj  the  want  of  a  good  hiatoiy 
of  modem  mathematics,  which  doea 
not  BiiaL  Lastly,  the  "Deuteche 
Hathematiker-Vereinigung"  haT« 
publiahed  in  their  Jahrbuch  Talu- 
able  hiatoriea  of  special  branches  of 
mathematica — notably  the  '  Theory 
of  Invarianto'  bf  Fnuu  Uayer,  and 
the  'Modem  Theory  of  Functiona' 
by  Brill  and  Noether. 
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the  mind  of  Whewell  when,  after  writing  his  hia-  e, 
torical  work,  he  attempted  in  the  philosophical  sequel  '^J**^! 
to  abstract  the  general  ideas  which  have  led  scientiiic  »op>>t-' 
research ;  but  it  is  instmctive  for  our  present  purpose 
to  note  how,  writii^  about  the  middle  of  the  century, 
he  hardly  brought  out  any  of  thoee  principles  which 
in  the  course  of  its  second  half  hare  turned  out  to 
he  fruitful,  and  have  almost  become  watchwords  of 
popidar  science.  In  the  year  1857,  the  date  of  the 
publication  of  the  latest  editions  of  Whewell's  works, 
nothing  was  popularly  known  of  energy,  its  conserva- 
tion and  dissipation, — nothing  of  the  variation  of  species, 
and  the  evolution  of  organic  forms, — nothing  of  the 
mechanical  theory  of  heat  or  of  that  of  gases — of 
absolute  measurements  and  absolute  temperature;  even 
the  cellular  theory  seems  to  have  been  popular  only  in 
Germany.  And  yet  all  the  problems  denoted  by  these 
now  popular  terms  were  then  occupying,  or  had  for  many 
years  occupied,  the  leading  thinkers  of  that  period.  But 
we  find  no  mention  of  them  in  Whewell's  works.'     So 


1  Ths  datea  of  the  birth  o(  th«M 
leading  idea*  of  the  aeooDd  half  of 
our  century  are  approiimBtelj  as 

Absolute  meaauremeDte  were 
atuted  by  Qausa  about  1830,  and 
the  scheme  published  in  1633  in 
his  memoir,  *  Int«ii«itaB  ti*  pugne- 
ticw  terreatm  ad  meiuunun  abeolu- 
tam  revocata.'  They  were  eiteaded 
to  electrical  phenomena  by  Weber  in 
hia '  ElectrtKJynainiBobe  Maaib«al^- 
mungcD,'  184S.  The  absolute  scale 
of  temperature  was  introduced  b; 
WiUuun  Thomson  in  1S48. 

The  oellular  theoi;  was  pro- 
pounded by  SchlaideQ  in  1SS8,  ud 


extended  to  animal  structUTM  l^ 
Schwann  in  \SB9;  the  term  "pro- 
toplasm "  was  introduced  by  Uohl 
in  1816. 

The  mechanical  tbeoi?  of  heat 
dates  from  Mayer's  and  Joule's  de- 
terminations of  the  equivalent  ot 
heat  in  1S«2  and  1843. 

The  doctrine  of  tJie  conservation 
of  energy  dates  from  Helmholtz's 
memoir,  '  ITeber  die  Erhaltung  der 
Emft,'  in  1847 ;  that  of  dissipation 
of  energy  from  William  Thomson's 
paper  "On  a  UniTersal  Tendency 
in  Nature  to  the  Dissipation  of 
Mechanical  Energy,"  1852 ;  it  wm 
prepared  l^  Watt's  and  Fonoelet'a 
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little  was  the  foremoet  champion  of  inductive  thought 
able  to  dificeni  the  teodencies  of  his  age :  a  warmng  to 
those  who  attempt  to  tec(^uiBe  the  aims  of  contemporary 
thought.' 

It  is  not,  then,  to  the  philosophical  writers  Uiat  I  shall 
apply  in  order  to  trace  the  leadii^  directions  of  scientific 


The  meebuiical  theory  of  pitta — 
not  to  mendon  the  older  ipecula- 
tiotu  of  Daniel  Bernoulli  —  dktei 
from  ATogadro'g  Mid  Ampire's 
hfpotheaii,  publiahed  in  1811, 
"  Uikt  bll  gaeeoiu  bodies,  under  the 
BUDS  phfiic&l  conditiona,  conUia 
the  Bame  number  of  unite,"  from 
Herapeth  (1821)  and  Joule  (1851). 

Oq  Wbewell's  position  with  r^ard 
to  the  question  of  the  origin  and 
Tsrution  of  species,  then  already 
ventilsted  bj  I^ell,  see  '  History  of 
Induct.  Sci,'  vol.  iiL  p.  4Se,  Ac. 
(3rd  ed.),  >ad  Huxley's  renuirks  in 
the  '  Life  of  Charles  Dsrwin,'  toL 
ii.  p.  IS2,  kc  Wallaoe's  essay  '  On 
the  Law  which  has  regulated  the 
Introduction  of  New  Species '  wai 
published  in  1868  along  with  Dar- 
win's prelimiDsry  statement  of  his 

We  mi^ht 
of  sdentiGc 

books,  but 


tiflc   ] 


ork,  action 


physical  ten 
upon  which 

symmetry, 

which  have 

1  "itu 


of  recent  origin, 
wanting  in  Wfae well's 
rhtch  now  govern  scien- 
aa :  such  are  energy, 
and  effldencj,  absol. 
oent,  to  mention  only 
OB.  'The  genenl  ideas 
be  himself  lays  some 
as  thoae  of  polarity  and 
appear  on  the  other 
vsgue  generalisations, 
frequently  led  people 

I  nmarkable  evidence  of 


the  greatness  of  the  progreaa  which 
has  been  effected  in  our  time,  that 
even  the  second  edition  of  the 
'  History  of  tlie  Inductive  Scieti- 
cee,'  which  was  published  in  184S, 
contains  no  allusion  to  the  publi- 
cation in  184S  of  the  first  of  the 
■eriea  of  experiments  by  which  the 
mechanical  equivalent  of  beat  was 
correctly  ascertained.  Such  a  fiul- 
ure  on  the  f«rt  of  a  contemporary, 
of  great  acquiremento  and  remark- 
able intellectual  powers,  to  read 
the  signs  of  the  tmies,  ii  a  lesson 
and  a  warning  worthy  of  b^ng 
deeply  pondered  by  any  one  who 
attempts  to  prognosticate  the 
courae  of  edentiGo  progress"  (Hux- 
ley in  Ward's  '  Beign  ^  Queen  Tic- 
toiia,'  voL  ii.  p.  366).  The  same 
writer  has  pointed  out  how  Am- 
guate  Comte  was  still  more  un- 
fortunate in  his  opinions  on  con- 
temporarr  science.  "  What  struck 
me  was  his  want  of  apprehension 
of  the  great  features  of  science ; 


merits  of  hia  acientiSc  contempor- 
aries ;  and  his  ludicrously  erroneous 
notions  about  the  part  which  some 
of  the  scientiGo  doctrines  current 
in  his  time  were  destined  to  play  in 
the  future  "  ("  Scientific  Aipecta  of 
Positivism,"  '  Lay  Sermons,'  1891, 

L180).  He  then  goes  on  to  show 
w  Comte  treated  the  tuidulatory 
theory  with  contempt,  extolled 
Oall,  depredated  Cuvier,  and  spoke 
of  the  "abuse  of  microscopic  in- 
veatigationa "  (ibid.,  p.  1S4). 
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thought  in    our  centuiy :    their  praition    towardB  this 
thought  is  indeed  instructive,  but  it  is  frequently  unsafe. 

Philosophical  reasoning  either  precedes  or  succeeds 
the  labours  of  the  scientific  thinker ;  it  rarely  accom-  " 
paniea  them.  In  the  history  of  earlier  times,  during  the 
first  centuries  of  the  modem  period,  we  find  some  of  the 
foremost  philosophers,  such  as  Descartes,  Bacon,  ]>ibniz, 
occupied  in  attempting  to  lay  down  the  correct  lines  on 
which  science  should  proceed,  or  to  find  general  ideas 
which  could  serve  as  supreme  principles  of  scientific 
truth.  It  is  a  rare  thing  to  find  that  they  have  succeeded 
in  either  of  these  attempts.  In  more  modem  times, 
ever  since  Locke  started  on  a  difTerent  track,  it  has  been, 
especially  in  this  country,  the  endeavour  of  philosophers 
to  abstract  out  of  the  existing  volumes  of  sctentifio  re- 
search  the  leading  ideas  which  have  proved  so  helpful, 
and  to  explain  their  or^n,  their  bearing,  and  their  value. 
Perhaps  they  have  been  more  successful  than  their  pre- 
decessors :  it  has,  however,  frequently  happened  to  them, 
that  whilst  they  were  elaborately  analysing  some  pitxiess 
of  reasoning,  or  some  prevailing  scientific  principle, 
science  has  meanwhile  adopted  some  entirely  different 
line,  and  presented  an  entirely  unexpected  development. 

In  this  respect  they  resemble  that  school  of  historical 
politicians  which  in  the  middle  of  our  centuiy  in  Ger- 
many '  attempted  to  read  the  signs  of  the  times,  and  to 


'  This  u  tbe  ichool  raprMenMd  by 
the  biiitoriuu  DBblnumn  and  Oer- 
Tinui.  A,  good  aocouot,  with  k 
wnoewhAt  •arare  uritioiim  of  the 
aimi  at  thii  Mboot,  will  be  found 
in  Km-1  Hillebrand,  'Zettea,  Vdlker 
uDd  HeDKhen,'  voL  iL  pp.  20fi-2S0. 
"Tbe  Stftta  Md  Literatim  had 


grown  in  Oertoan;  alongside  ot 
each  other  without  coming  into 
contact,  the  former  active,  reticent, 
modeat,  the  latter  declaiming, 
noin,  pretentious.  It  appeared  aa 
if  aU  our  life  had  become  intellect- 
ual ;  Oerrinul  hinuelf  thought  au 
and  blamed  us.    Id  reali^  it  wa« 
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prescribe  the  lines  on  which  the  desired  unification  of  the 
nation  could  be  secured.  Events  took  their  own  course, 
and  the  great  statesman  who  was  the  central  figure  of  the 
new  era  of  European  history  may  be  excused  the  soom 
with  which  he  has  sometimes  treated  these  theoretical 
poUticians. 
g.  The  leading  ideas  which  I  select  as  marking  the  pn^iess 

«!ienti&!      of  scientific  research  in  our  century  have,  with  few  excep- 

idBMinortlr  ... 

23^t_  tions,  hardly  been  discoveries  or  inventions  of  this  age- 
Some  of  them  are  very  old.  The  ideas  of  attraction, 
which  in  the  hands  of  Newton  and  Laplace  have  led  to 
such  remarkable  results,  are  of  great  ^e,  and  were 
familiar  to  the  philosophers  of  Greece  and  Bome ;  the 
same  can  be  said  of  the  atomic  theory,  which  in  the 
hands  of  Dalton  became  such  a  powerful  instrument. 
The  principles  of  enei^  and  its  conservation  can  be 
traced  back  to  the  writings  of  Newton  and  Leibniz,  and 
even  to  earlier  thinkers.  The  same  may  be  said  of  the 
modem  ideas  on  heat,  of  the  molecular  theory  of  gases, 
and  even  of  Lord  Kelvin's  vortices ;  whilst  the  views 
which  through  Barwio  have  revolutionised  the  natural 
s  have  been  traced  in  the  su^estions  of  much  ear- 


Dob  w>.  when  the  profeasars  turned 
their  Iwcka  an  Bcience  ia  order  to 
turn  to  poliUca,  they  imagined  pol. 
iticB  were  now  onlj'  beginnuig : 
with  the  vronted  pride  of  le&raiDg 
thej  saw  in  the  sdmiuiitmtiie 
class  only  labourers  and  olerks  ;  for 
to  them  parliamenu  and  freedom 
of  the  press  were  identical  with 
politics.  The  mouthpiece  of  Ger- 
many nas  in  the  univemtieSi  » 
that  of  Franoe  was  at  the  bar; 
they  only  heard  each  other :  wae 
it    therefore    uonatural    if    they 


thought  the  Germao  protesson 
composed  the  German  natioD,  u 
the  French  lawyera  formed  the 
French  cation  1  And  iudeed  pub- 
lic opinion  in  Qermaoy  was  that  of 
the  professors.  .  .  .  The  te«rned 
newspaper  writers  imagined  the 
spint  of  the  age  spake  in  them; 
no  wonder  that  they  overestimated 
the  impoHaoce  of  liiis  spirit  and  of 
this  so-catled  public  opinion  "  (ibid., 
p.  254).  See  also  Treitsohke's 
'  Eleulecbe  QescUchte,'  voL  v,  p. 
408,  be 
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Her  writers.  Elaborate  claims  to  priority  have  thus  been 
set  up  for  persona  to  whom  it  is  said  the  credit  of  modem 
discoveries  should  be  given.  I  do  cot  intend  to  contribute 
to  this  controverBial  literature,  except  by  a  general  remark, 
which  will  explain  how  it  has  come  to  pass  that  ideas  and 
principles  now  recognised  as  useful  instruments  of  thought 
and  research  hare  only  recently  attained  this  importance, 
while  they  have  frequently  been  the  property  of  many 
ages  of  philosophical  tboi^ht,  and  familiar  even  to  the 
writers  of  antiquity.  It  is  the  scientific  method,  the  exact 
statement,  which  was  wanting,  and  which  raises  the  vague 
guesses  of  the  philosophical  or  the  dreams  of  the  poetic 
mind  to  the  rank  of  definite  canona  of  thought,  capable  of 
precise  expression,  of  mathematical  analysis,  and  of  exact 
verification.  Obscure  notions  of  the  attractive  and  re- 
pulsive forces  of  nature  have  floated  before  the  minds  of 
philosophers  since  the  time  of  Empedocles,  but  they  did 
not  become  useful  to  science  till  Galileo  and  Newton  took 
the  first  step  to  meastire  the  intensity  of  those  forces. 
Lucretius's  poem  introduces  to  us  the  early  speculations 
on  the  atomic  constitution  of  matter,  but  the  hypotheses 
of  his  school  only  led  to  real  knowledge  of  the  things  of 
'nature  when  Dalton,  following  Lavoisier  and  Bichter,  re- 
duced this  idea  to  definite  numbers ;  still  more  so  when, 
through  the  law  of  Avogadro  and  Amp&re,  and  the  calcu- 
lations of  Joide,  Glatisius,  and  Thomson,  the  velocities,  the 
number,  and  sizes  of  atoms  became  calculable  and  measur- 
able quantities.  Descartes,  and  after  him  Malebranche, 
filled  space  with  vortices  which  were  to  explain  the  con- 
stitution of  matter  and  the  movements  of  it«  parte ;  but 
the  notion  was  abandoned  and  ridiculed  till  Helmholtz 
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and  Thomson  approached  the  subject  with  mathematical 
aualTsis  and  calculated  the  properties  of  vortex  motion. 

Heraclitus  proclaimed,  six  hundred  years  before  the 
Christian  era,  the  theory  that  everything  moves  or  flows ; 
but  not  till  this  century  was  the  attempt  made  to  work 
oat  the  definite  hypothesis  of  Daniel  Bernoulli,  and 
to  explain  the  properties  of  bodies,  apparently  at  rest — 
the  pressure  of  gases,  or  the  phenomena  of  elasticity — 
by  assuming  a  hidden  motion  of  the  imperceptible  portions 
of  matter.  The  same  fate  of  lying  dormant  for  ages  at- 
taches to  the  Bu^estive  ideas  of  many  thinkers.  In  every 
■^t-  case  the  awakening  touch  has  been  the  mathematical 
spirit,  the  attempt  to  count,  to  measure,  or  to  calculate. 
What  to  the  poet  or  the  seer  may  appear  to  be  the 
very  death  of  all  his  poetry  and  all  his  visions — the  cold 
touch  of  the  calculating  mind, — this  has  proved  to  be  the 
spell  by  which  knowledge  has  been  bom,  by  which  new 
sciences  have  been  created,  and  hundreds  of  definite  prob- 
lems put  before  the  minds  and  into  the  bands  of  dil^nt 
students.  It  is  the  geometrical  figure,  the  dry  algebraical 
formula,  which  transforms  the  vague  reasoning  of  the 
philosopher  into  a  tangible  and  manageable  conception ; 
which  represents,  though  it  does  not  fully  describe,  which 
corresponds  to,  though  it  does  not  explain,  the  things  and 
processes  of  nature :  this  clothes  the  fruitful,  but  other- 
wise indefinite,  ideas  in  such  a  form  that  the  strict  logical 
methods  of  thought  can  be  applied,  that  the  human  mind 
can  in  its  inner  chamber  evolve  a  train  of  reasoning  the 
result  of  which  corresponds  to  the  phenomena  of  the  outer 
world.  By  such  processes  did  Gauss  and  Leverrier  suc- 
ceed in  tracing  the  lines  in  the  heavens  on  which  invisible 
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Btare  were  speeding  through  the  universe ;  without  them 
these  objects  of  nature  would  probably  never  have  been 
seen,  and  if  seen,  they  would  not  have  been  recognised. 
Similar,  and  still  more  intricate,  reasonings  permitted 
Mendel^e£f'  to  arrange  in  geometrical  order  the  several 
elements  or  simple  substances  out  of  which  matter  is 
compounded,  and  to  point  to  the  vacant  places  on  the 
chart,  some  of  which  have  since  been  filled  up  by  new  ' 
discoveries.  Thus  it  has  also  been  shown  that  the  ranges 
of  temperature  cannot  be  extended  indefinitely  in  both 
directions — viz.,  those  of  heat  and  cold — but  that  the 
latter  possesses  a  zero  point,  representing  the  complete 
absence  of  motion.' 


'  Tha  periodic  amugenieiit  of  i 
tiie  «Iem«DlB,  acoordiDg  to  which, 
irith  increamng  atomic  or  oombining 
numben,  the  same  properties — >uch  ! 
M  densitj,  fuBibilitj',  optical  &nd  : 
electric  quilitieB,  and  fonoitioii  of  ' 
oiidee,  ka. — recur  id  periods  which 
are  at  leut  approiiioatelj  Sied,  »o 
that  they  can  bo  represented  by 
eurres,  datea  frooi  the  year  1869, 
when  D.  Mendeldefi  and  Lothor 
Meyer  published  almoet  simultane- 
oualy  their  cloeaificatiou  of  the  ele- 
meDte.  Hewlandi  neemB  to  have 
indioated  lome  of  theae  facta  aa 
earl;  as  1BS4.  Hendetdeff  pre- 
dicted the  properties  of  a  miaaiiig 
«lement,  found  to  be  thoee  of  acan- 
dium,  which  Nilaon  discovered  ten 
years  later.  The  same  applies  to 
the  two  other  elements  which  were 
nibaequently  discovered  bv  Lecocq 
de  Boisbaudran  (1878,  gallium)  and 
Winkler  (1686,  gennaniuin).  and  in 
1804  the  newly  discorered  element 
argon  woa  found  to  &11  a  Taoant 
plaoe  in  the  plan. 

*  The  tero  point  of  temperatore 
waa  originally  a  pirely  mathemati- 
cal quantity  suggeated  \>j  tiie  for- 


mula  (rhich  gives  the  e: 
air  in  the  air  thermometer  aa  de- 
pendent on  the  temperature.  The 
ideal,  not  realisable,  temperature 
at  which,  according  to  the  for- 
mula, the  volume  of  air  would  be 
nothing,  was  fixed  b;  calculation  at 
459'13  Fahr.  or  272*'85  Centi- 
grade. The  real  physical,  not  mere- 
ly mathematical,  meaning  of  the 
abaolute  scale  of  temperature  with 
ita  zero  point  was  only  revealed 
when,  through  Camot  and  Thom- 
son, it  was  e«tabliahed  that  every 
degree  of  temperature  hoa  an  assign- 
able value  for  doing  work,  and  (rben 
a  scale  of  thermometry  was  sug- 
gested \i3  Thomnoo  (1848)  in  which 
every  one  degree  hod  tbe  same 
dynamical  value,  100°  in  it  cor- 
responding to  the  100°  Centigrade 
in  the  air  thermometer.  It  waa 
then  found  that  the  two  scales — 
that  of  the  air  thennometar  and 
that  measuring  the  dynamical  value 
of  temperature — agreed  almost  ex- 
actly. Tbe  number  278°  Cent,  thus 
acquired  a  pbyncol  meaning  (aee 
Clerk  Maxwell,  'Heat,'  8th  ed., 
pp.  49,  169,  and  21G).     Another 
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By  drawing  curvea  on  paper  which  eorreepoad  to  the 
thermal  properties  o!  various  substances,  the  conditions 
have  been  defined  beforehand  under  which  gaseous  bodies 
like  oxygen,  hydrogen,  nitrogen,  or  common  atmospheric 
air  can  be  reduced  to  liquid  and  solid  bodies,  upsettii^ 
the  notions  of  the  last  generation,  which  looked  upon 
these  substances  as  permanent  gases.'  If  the  mathe- 
matical formula  has  killed,  or  failed  to  grasp,  the  true 
life  of  nature,  that  which  to  the  poet  and  the  philosopher 
will  always  be  the  feature  of  supremest  interest,  it  has  on 
the  other  side  given  birth  to  that  new  life  of  ideas  which 
in  our  reasoning  minds  serve  as  the  images  of   thii^ 


cal  meaniDg, 
fuDctioD,  used  Snt  by  Lagrange  u 
a  BimplificBlioD  io  culculsting  the 
forcei  of  a  diaturluiig  planet,  aad 
termed  bj  LapUce  * '  h  c&use  de  son 
utilite,  une  veritable  d^cauierte" 
(' M^  eel.,'  V.  livre  iv.  cbap.  i, } 
Thia  funetjon,  which  has  the  pro- 
pert;  tbat  b;  a  almple  difierentia- 
tion  the  component  of  the  foree  in 
any  direetion  i»  found,  acquired  a 
physical  meaaiDg  as  the  quaatity, 
the  change  of  which  meaaurea  the 
work  required  to  move  a  unit  of 
matter  from  one  point  to  another 
(see  Thomson  and  Tait,  '  Natural 
Philo»ophy,'Toi.  i.  2,  p.  2S).  Other 
ezamplee  of  purelj  mathematical 
quantities  which  reveal  physical 
properties  are  Hamilton's  ' '  char- 
acteristic function"  (see  Tait, 
"Mechanics,"  'Ency.  Brit.,'  8th 
ed..  p.  740),  Rankioe's  "  Tbermo- 
dynsmic  function,"  called  by  Clau- 
sius  "Entropy"  (see  Maxwell, 
■  Heat,'  pp.  162,  ISS) ;  it  meaauree 
the  unavailable  energy  of  a  system. 
'  ThoniasAndrews(1813-86)took 
up  the  eiperimeDte  begun  by  Cag-   I 


niard  -  Latour  in  1S22,  and  ex- 
plained how  it  comes  about  that  a 
gas  remains  iacoadeosable  however 
great  the  pressure  may  be,  pro- 
vided the  temperature  exoeeda 
what  he  termed  the  "  critical  tem- 
perature," wliich  is  different  for 
different  gaaes.  He  accompanied 
his  statements,  which  were  first 
published  in  the  3rd  edition  of 
MiUer'fl  Chemical  Physios,  by  curve* 
representing  the  beuaviour  of  at- 
moepheric  air  and  of  carbonic  acid, 
the  latter  being  a  oondensable  gas, 
and  he  suggested  in  1872  that  the 
so-called  permaoeot  gases  had  a 
critical  point  far  below  the  lowest 
known  temperatures,  and  that  this 
was  the  reason  why  their  lique- 
faction had  not  yet  been  achieved. 
Two  physiciate,  Cailletet  and  Pictet, 
took  up  these  Buggeebions;  after 
various  trials  they  aucceeded  inde- 
pendently in  1877  in  liquefying 
several  of  the  permanent  gases, 
notably  oiygen  and  nitn^n. 
These  have  been  followed  by  all 
the  other  permanent  gasea,  includ- 
ing atmospheric  air,  of  which  large 
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natural,  and  allow  us  to  make  them  subservient  to  our 
purpoBes. 

Whoever  grasps  the  significance  of  the  change  which  lo. 
the  exact  or  mathematical  treatment  of  knowledge  has  1^^^"°^ 
worked  ii)  our  life  and  thought,  will  readily  place  that 
niune  at  the  entrance  of  a  histoiy  of  modem  thought, 
which  is  identified  with  a  few  simple  mathematical  for- 
muUe,  by  which  ever  since  his  time  the  pn^reae  of  science 
has  been  guided.  Though  belonging  to  an  earlier  period, 
the  fidl  meaning  of  Kewton's  work  has  only  been  recog- 
nised in  the  course  of  our  century.  In  fact  the  Xew- 
tonian  philosophy  can  be  said  to  have  governed  at  least 
one  entire  section  of  the  scientific  research  of  the  firet 
half  of  this  period :  only  in  the  second  half  of  the  period 
have  we  succeeded  in  defining  more  clearly  the  direction 
in  which  Newton's  views  require  to  be  extended  or  modi- 
fied. Newton's  greatest  achievement  was  to  combine  the 
purely  mechanical  laws  which  Galileo  and  Huygens  had 
established  with  the  purely  physical  relations  which 
Kepler — following  Copernicus  and  Tycho — had  discovered 
in  the  planetary  motions,  and  to  abstract  in  so  doing 
the  general  formula  of  universal  attraction  or  gravitation. 
Newton  looked  upon  the  motion  of  the  moon  round  the 
earth,  or  the  planets  round  the  sun,  as  examples  on  a 
laige  scale  of  the  motion  of  falling  bodies — studied  by 
Galileo — on  the  surface  of  the  earth.  Delayed  in  the 
publication  of  this  simple  rule  of  planetary  motion 
through  the  absence  of  correct  measurements,  and  through 
the  necessity  of  inventing  a  new  calculus  by  which  the 
mathematical  results  of  the  formula  could  be  ascertained, 
Newton  did  not  publish  his  'Principia'  till  1687.     The 
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work,  however,  was  conceived  in  the  highest  philosophic 
'  spirit,  inasmuch  as  the  enunciation  of  the  so-called  law  of 
gravitation  required  the  clear  expression  of  the  general 
laws  of  motion.  In  the  first  and  second  parte  of  the 
work  the  discoveries  of  Galileo  and  Huygens  were  ab- 
sorbed, generalised,  and  restated  in  such  terms  as  have  up 
to  our  age  been  considered  sufficient  to  form  the  basis  for 
all  purely  mechanical  reasoning.^  In  the  latter  part  the 
new  rule,  corresponding  to  Kepler's  empirical  laws,  is 
represented  as  the  key  to  a  system  of  the  universe.  The 
great  outlines  of  this  system  are  boldly  drawn,  and  the 
working  out  of  it  is  left  as  the  great  bequest  of  Newton 
At  the  end  of  the  eighteftith  century. 


'  Tha  miMt  reoent  biatorian  of 
the  «ubj«cl  ii  Hrof.  Ernst  Moch  of 
Pragua,  whoM  'Mechttoik  in  ihror 
EDtwiokelung,  hiitoriBch  -  kritUch 
dargesUUt,'  2Dd  ed.,  1889,  I  cannot 
praiw  too  highly.  It  has  been 
tranBlated  into  Bnglieb  by  H'Cor- 
mach  (Chicago  and  London,  18D3}. 
Kefarring  to  Kawtoo,  he  aaja: 
"  Newton  has  with  regard  t«  our 
•ubiect  two  great  merits.  Flratly, 
he  has  greatly  enlarged  the  hoH- 
Eon  of  mechanical  physics  through 
the  discovery  of  universal  gravi- 
tation. Further,  he  has  also  com- 
pleted the  enunciation  of  the  prin- 
ciples of  mechanics  as  we  now  ac- 
cept them.  After  him  an  eaaen- 
tially  new  principle  has  not  been 
estabUshad.  What  after  him  has 
been  done  in  meebanica  refers  to 
tha  deductive,  formal,  and  mathe- 
matical development  of  mechanics 
OD  Uie  ground  of  Newton's  prin- 
oiples"  (p.  171).  "Nawton'a  prin- 
ciples are  sufficient  without  the 
introduction  cF  any  new  principle 
to  clear  up  every  mechanical  prob- 
lem which  may  preaent  itself,  ba 


it  one  of  atatica  or  of  dynamics. 
If  difBcultiea  present  themeelves, 
they  are  always  only  mathematical, 
formal,  not  fundamental"  (p.  23B). 
"All  important  mathematical  ei- 
preaaiona  uf  modem  mechanics  were 
already  found  and  used  in  the  age 
of  Qalileo  and  Newton.  The  epe- 
cial  names  .  .  .  have  sometiniea 
been  fixed  much  later.  Still  later 
came  the  adoption  of  uniform 
measures,  and  thia  pnxeas  ie  even 
yet  incomplete"  (p.  S53).  In  this 
country  it  ia  one  of  the  great  mer- 
ita  of  Thoraaon  and  Tait'a  'Nat- 
ural Philoaophy'  that  they  "re- 
stored" the  teaching  of  mechanics 
and  placed  it  on  the  original  foun- 
dations afforded  by  Newton's  laws 
of  motion,  in  his  own  words,  aa 
"every  attempt  that  has  been 
made  to  supersede  them  has  ended 
in  utter  failure"  (Preface),  and, 
though  they  "are  only  temper- 
arily  the  best,"  there  does  not 
'  "    "    I  yet,  anything  nearly  aa 
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after  many  able  mathematicians  and  obaerveis  had  gen- 
erally investigated  the  numberlesa  problems  contained  in 
the  '  Principia,'  Laplace  published  his  '  Exposition  du 
Systfeme  du  Monde,'  followed  in  the  course  of  the  first 
quarter  of  this  century  by  tha '  M^canique  celeste ' ; '  and 
at  the  close  of  the  preeent  century  the  most  learned 
astronomer  of  the  age  could  say  that  the  '  Principia ' 
still  formed  the  sole  foundation  of  all  investigations  in 
that  domain.^ 

It  is  intereetine  to  see  how  in  a  simple  formula  the       ii. 

,  ,  ,  Tlugrtrtti 

mathematician  is  able  to  condense  an  almost  immeasur-  i^^ 
able  volume  of  thought,  bringing  the  theory  and  the 
obeervationB  of  past  ^es  to  a  focus  from  which  new  lines 
of  thought  divoi^  in  many  directions.     Eveiy  mathe- 


'  The  'EzpoaitioQ  du  Sjatime 
du  MoDd«'  appeared,  1799,  in  2 
voU.  8to  :  the  Grat  aad  second 
Tolume  of  the  '  Hecacique  Colette,' 
1799,  4lo;  the  third,  laO'i ;  the 
fourth,  1SD5 ;  the  lut,  1825.  Be- 
fore publiihing  this  work,  which 
bM  been  termed  a  aecoud  editJou 
of  the  '  Principut, '  Laplace  had 
himself  during  thirt;  jeara  asaiatsd 
in  dUpetliDg  the  last  doubts  u  to 
the  lufflcieacf  of  the  doctrine  of 
universal  gravitatiau  to  eipUio  all 
coemical  phenomeua ;  and  he  bad 
especially  brought  the  investiga- 
tions of  Clairaut,  Euler,  d'Alem. 
bert,  lAmbert,  and  Lagrange  to  a 
final  result  by  publiahiag  iu  sue- 
oeMive  memoirs  between  1773  and 
178S  the  doctrine  of  "  the  stability 
of  the  system  o(  the  uniierse, 
based  upon  the  invariability  of  the 
major  aiea  and  the  periods  of  re- 
volution of  the  planetary  orbits. 
He  and  his  predecessors  also  ex- 
tended the  solution  of  the  problem 
"to  find  the  orbit  of  two  bodies, 
aeling  under  the  kw  of  mutual 


gravitation,"  which  was  given  by 
NewtsD  in  such  a  way  that  the 
action  of  one  or  more  third  (dis- 
turbing) bodies  could  be  taken  into 
acoount,  dealing  thus  with  the  caae 
of  nature,  which  had  in  the  first 
instance  presented  itself  in  treating 
of  the  complex  motion  of  the  moon, 
Laplace  himself,  who  iu  number- 
less passages  of  his  works  re- 
curs to  the  discoveries  of  Newton, 
announced  the  object  of  the  'Md- 
canique  c^este '  to  be  the  treat- 
ment of  astronomy  "as  a  great 
problem  of  mechanics,  from  which 
it  was  importfuit  to  banish  a«  much 
aa  possible  all  empiricism,"  and  to 
perfect  it  so  as  "  to  borrow  from 
observation  ouly  the  most  indis- 
pensable data"  (' H^  o^l.,' vol  i. 
in  trod.) 

'  The  late  Professor  Kudolt  Wolf 
□f  Zilrich,  whose  '  Handbuch  der 
Aatronomie,  ihrer  Geschichte  und 
Litteratur,'  2  vols.,  1S90.93,  as  well 
at  bis  earlier  '  Qeschichte  der  Aa- 
tronomie,'  Hilnchen,  1S77, 1  warmly 


b,Goo(^lc 


320 


SCIENTIFIC  THOUGHT. 


matical  formula  which  expresses  the  existing  relations 
of  natural  things  acts  in  a  similar  way,  but  probably  few, 
if  any,  subsequent  discoveries  have  given  scientific  minds 
so  much  fruitful  work  to  do  as  the  gravitation  formula. 
An  analysis  of  it  will  servens  as  a  guide  through  a  very 
lai^e  portion  of  the  scientific  work  of  our  period ;  it  will 
sei^e  also  as  an  example  of  the  great  service  which  the 
mathematical  mode  of  dealing  with  conceptions  renders  to 
the  progress  of  science  and  of  thoi^ht. 

The  so-called  law  of  gravitation  states  that  every  two 
portions  of  matter,  placed  at  a  distance  from  each  other, 
exert  on  each  other  an  attractive  force/  which  depends 
on  the  masses  of  each,  and  on  their  distance  from 
each  other.  The  attractive  force  varies  in  the  direct 
proportion  of  the  mass  of  each,  and  in  the  inverse 
duplicate  ratio  of  the  distance.     Three  distinct  lines  of 

1  The  gravitation  formula  givM 
no  indication  of  the  actual  or  abeo- 
lut«  amount  of  the  force  in  que*- 
lion  ;  it  only  eetabliahea  a  rdation. 
It  wu  fully  three  •  quartera  of  a 
oenturr  after  the  publication  of  ttie 
'Principia'  that  eiperimeotB  were 
8agg«et«d  in  order  to  determine  the 
actual  magnitude  of  the  force  of 
gravitation — i.e.,"'"  " 


th«  formula  /=<  »— .  Uichell  in 
1768  deviled  an  apparatuB,  em- 
ployed later  (17B7)  by  Cavendiah, 
and  Maakelyne  made  measurementa 
towards  the  end  of  the  last  century. 
More  and  more  oocurate  datermin- 
atioDS  were  made  all  through  the 
prewnt  century,  and  latterly  by 
Prof.  B<^.  Few  persona  have  an 
idea  of  the  extreme  feebleneaa  of  the 
force,  which  nerertbeleas,  through 
the  magnitude  of  the  earth,  ac- 
quirM  in  our  daily  eiperience  auch 
onuidable  proportions.     Aa   it  ii 


deairable,  in  aocordanoe  with  one  of 
the  principal  acientiBc  tendandea  of 

our  age,  to  place  the  knowledge  of 
abaoluta  phyaical  quantitiea  in  the 

flace  of  merely  relative  numben, 
mention  here  that  the  force  with 
which  two  units  of  matt«r  (i.e.,  2 
grammes)  placed  at  unit  distance 
{i.e.,  1  centimetre]  apart  attract 
each  other  ia  auch  that  they  would 
approach  each  other  with  a  velo- 
city of  nearly  7  hundred  milliODths 
of  a  centimetre  in  the  first  second 
of  lime.  Aa  a  pound  U  a  mora 
familiar  quantity,  we  may  also  say 
that  two  inaaaea,  aaoh  containing 
41G,000  tons  of  matter,  and  situ- 
ated at  a  distance  of  one  statute 
mile  afort,  will  attract  each  other 
with  tlie  force  of  I  lb.  (see  Sir 
R.  S.  Ball,  'Ency.  Brit,'  Sth  ed., 
art.  "Gravitation").  See  alao  Sir 
R.  3.  Ball,  'The  Story  of  Uie 
Heavens,'  p.  106,  and  Prof.  Boys 
in  'Nature,'  vol.  SO,  p.  330,  Ac. 
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Bcientific  research  are  involved  and  opened  out  by  this 
statement. 

First,  There  is  the  purely  theoretical  task  of  definii^ 
clearly  what  is  meant  by  the  different  words  which  are 
used,  and  which  in  the  formula  are  expressed  in  algebraic 
symbols.  ,  What  ia  the  definition  of  force,  what  of  mass, 
what  of  distance  ?  The  '  Principia '  give  Newton's  defi- 
nitions.' 

Second,  The  definitions  must  be  given  in  such  a  way 
that  they  exprees  definite  measurable  quantities ;  and  in 
order  to  verify  and  apply  the  formula,  methods  must  be 
devised  for  measuring  these  quantities  as  they  occnr  in 
nature,  and  these  measurements  must  be  actually  carried 
out.* 

mtb  their  different  dutuioea  from 
Mif  point  DMid  Qot  bo  coiuddered 
aepuntelf,  but  that  a  quantity 
equal  to  the  whole  mMa  situated 
at  the  centre  of  the  sphere  ma; 
be  Bubatituted.  lAplace  shoTred  a 
century  later  th*t  tliia  property  of 
the  sphere  eiiiti  only  for  one  de- 
creBsing  function  of  the  distance — 
vix.,  that  of  the  inTsree  duplicate 
ratio.  It  ezittfl  likewise  for  that 
function  which  inereaaea  in  propor- 
tion to  the  diatanoe,  but  for  none 
other  (eee  '  Prindioa,'  1st  ed.,  pp. 
10S,  200;  'HJcanique  c^le*t^'  lat 
ed.,  vol.  i.  p.  143).  Hitherto  the 
delay  in  publishing  the  'Prindpia' 
was  (see  Brewster,  'Life  of  New- 
ton,' vol.  i.  pf  290)  always  attrib- 
uted to  the  erroneous  figure  of  the 
moon's  distance  from  the  earth, 
with  which  Newton  had  been 
reckoning,  and  which  did  not  s 


t  It  will  be  readily  admitted  that 
the  definition  of  forte  as  measured 
hy  change  of  motion,  and  the  defi- 
nition of  mots  as  the  quantity  of 
matter,  are  definitions  involving 
some  difficulty.  Ai  to  distance, 
it  may  be  thought  that  this  is  a 
purely  mathematical,  not  a  physi- 
cal quantity.  So  it  would  be  if 
physical  bodies  were  mathematical 

Eomts,  such  as  the  planete  in  a 
rst  approximation  may  be  con- 
sidered to  b&  But  in  comparing 
the  attraction  of  the  earth  upon 
a  body  at  its  suriaoe  with  that  on 
the  moon,  the  dimennons  of  the 
earth  could  not-be  neglected,  and 
the  problem  presented  itself  how 
the  quantities  of  mass  and  distance, 
in  the  case  of  the  earth  and  the 
body  on  its  surface,  had  to  be  de- 
fined. It  appears  from  a  statement 
by  Prof.  Qlusher  (see  Rouse  Ball, 
'History  of  Idathematice,'  p.  2S7, 
Ac.)  Uiat  the  publication  of  the 
<  PKncipia,'  containing  the  gravita- 
Uon  formula,  was  delayed,  because 
Newton  found  it  difficult  to  prove 
that  in  a  sphere  the  diSwent  parts 
VOL.  I. 


is^  the  gravitation  formula. 

'  Up  to  the  beginning  of  this 
century  the  merit  of  carrying  out 
aocUTBte  meaeuremcat*  of  astrono- 
mical constants  is  about  equally 
divided  between  Franoe  and  Eng- 
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Third,  the  fonnula  ia  a  mathematical  expression,  and,  as 
such,  can  be  subjected  to  purely  mathematical  analysis  : 
thiB  analysis  may  refer  to  purely  algebraical  processes  of 


luid  ;  the  former  cuuutrj  hariDg 
■upplied  the  meuia  Bad  organ  bed 
tntaj  eipeditiom  (under  Hicher, 
Picard,  Cuuni,  La  CoDdunine, 
Maupo^is,  uid  others),  the  latter 
haTing  invenUd  and  furnished  the 
greater  portion  of  the  delicate  in- 
atruments,  through  Newton,  Oreg- 
017,  lUnudeo,  Dollond,  Huruon, 
■lid  others.  Tb«  latter  was  a 
matter  of  peraon&t,  the  former  one 
of  organised,  talent.  England  did 
Dot  take  auf  great  part  in  the  re- 
peated measurements  of  the  arc  of 
the  meridiaD  till,  towards  the  end 
□f  the  eighteenth  centuTj  (1785-87), 
the  French  astronomer  Cawini  de 
Thury  presented  to  the  Rojal  So- 
ciety a  memorial  on  the  uncertainty 
in  the  difference  of  longitude  of 
Greenwich  and  Paris,  and  proposed 
that  the  English  and  French  mathe- 
maticians in  concert  should  deter- 
mine, by  geodetic  operations,  the 
distance  measured  along  an  arc  of 
parallel.  This  was  assented  to,  and 
the  Ut«  Astronomer  Royal  (Q.  B. 
Airy)  chums  that  it  "ma;  be  said 
that  in  this  as  in  other  grand  ex- 
periments, though  (re  b^;an  later 
than  our  Continental  neighbours, 
we  conducted  our  operations  with 
a  d^ree  of  accuracy  of  which,  till 
that  time,  no  one  had  dared  to 
form  an  idea."  Since  the  begin- 
ning of  this  century  Qermany  has, 
through  the  accurate  measurements 
of  Oauss  and  Bessel,  and  through 
the  famous  catablishmen  ts  of  Fraun- 
hofer,  Stemheil,  Repeold.andothera, 
taken  a  leading  position  both  in  the 
theory  and  practice  of  measuring. 
80  far  as  gravitational  astronomy 
is  concerned,  the  United  States  of 
America  seem  at  the  end  of  this 
century  to  eclipse  all  pnvious 
But  if  we  owe  to 


English   genius   the    invention   of 

logarithms,  the  seitant,  the  reflect- 
ing and  the  achromatic  telescope, 
the  theodolite,  and  the  chrono- 
meter, we  owe  to  France  the  idea 
uf  an  absolute  system  of  measure- 
ments and  the  first  approiima- 
tioD  to  it  in  the  metrical  system, 
which  England  has  been  tardy  to 
adopt.  A  really  absolute  imit  of 
measurement,  as  the  tan-milhonth 
part  of  the  earth  quadrent  was  io- 
tended  to  be — one  which  would  be 
recoverable,  if  ever;  actually  ex- 
isting pallerti  was  de8tro}'ed--doea 
not  yet  indeed  exist;  but  the 
Goremmeut  of  the  Bevolution  laid 
the  foundation  in  1700  of  our 
present  intematioDal  decimal  cen- 
tigrade system.  It  doee  not  ap- 
pear that  the  idea  of  extending  tlua 
system  to  all  other  forces  and 
quaotitiee  in  nature  iras  then  con- 
templated. A  valuable  contribu- 
tion towards  thia  desirable  object 
was  made  by  Fourier,  who  in  hie 
celebrated  '  Thikirie  de  la  Chaletir ' 
(1822,  p.  1G2,  kc.)  Uid  down  the 
doctrine  of  the  "  dimensions "  of 
physical  quantities  which  bad  to 
be  measured  and  compared  with 
each  other.  The  Brst  who  reduced 
the  measurement  of  other  thso 
purely  mechanical  phenomena  to 
the  sUndard  of  meclianical  forces 
was  QausB  (1332).  In  hU  investi- 
gations referring  to  the  intensity 
of  magnetic  force  at  different  poinU 
of  the  earth,  he  found  it  necessary 
to  abandon  the  unit  of  weight,  the 
gramme,  and  to  adopt  the  unit  of 
mass,  iDasmuch  as  the  weight  of 
the  unit  of  mass  varied  at  different 
points  of  the  globe.  He  introduced 
the  name  "absolute"  to  signify 
that  this  standard  is  independent 
of  local  or  relative  influenoee  (see 
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calculation,  or  to  geometrical  figures.  TheBQ  geometrical 
figures  represent  on  paper,  and  on  a  small  scale,  the 
curves  or  orbits  of  bodies  in  space  and  time,  and  can 
be  interpreted  as  such.  Then,  as  in  nature  two  bodies 
or  portions  of  matter  are  never  single  gravitating  points 
occurring  alone,  but  are  surrounded  by  the  totality  of 
existing  things,  the  formula  which  reduces  the  action  of 
gravitation  to  that  of  pairs  of  things,  and  to  the  elements 
of  matter,  requires  to  be  extended  to  more  than  two — in 
fact  to  an  infinity  of  elements.  The  infinitesimal  calculus 
teaches  us  how  to  deal  with  such  a  prc^ression  from  finite 
numbers  and  quantities  to  infinite  numbers ;  or  from  rela- 
tions which  refer  to  infinitesimal  elements  to  finite  meas- 
urable quantities.  We  find  very  soon  that  our  powers  of 
calculation  reach  only  a  small  way,  and  cover  only  a  small 
extent  of  the  ground  which  observation  opens  to  our  eyes. 
We  are  thus  forced  to  deal  with  the  element  of  error  14. 
which  creepa  into  our  calculations;  to  be  satisfied  with  «t<^ 
approximations ;  ^  and  instead  of  certainty,  probability  is 


0»1U8,  Werke,  toL  v.  pp.  S5,  2S3, 
Ac.)  Of  Weber'B  electrodynamic 
measuretnenta  I  eh&ll  Bpeal  kt«r  on. 
AbBo1ut«  n]euun>meDt8  were  u«ed 
by  William  ThomBon  [Lord  Kelvin) 
iM  early  bb  19S1,  >nd  owing  mainly 
to  his  influence  the  preaent  eyatem 
VM  gradually  ealabliihed  id  tlie 
CDune  of  the  following;  tiTinty  years 
(see  Williana  Thomson,  '  Popular 
Lecturea  and  Addremea,'  vol.  L  p. 
83,  ftc.)  Fourier'B  theory  of  dimen- 
■ioDi  wai  firat  brought  prominantty 
before  the  scientific  and  teacbing 
world  by  Clerk  Maiwsll  in  hie  trea- 
tUe  on  '  Electricity  and  Magnetism  ' 
(1«  ed.,  Tol.  i.  p.  2).  There  also 
ws  mset  for  the  first  time  with 
the  tue  of  astronomical  nu^itudes 
«nd  relation*  by  which  the  usual 


three  unite,  time,  masa,  and  dis- 
tance, can  be  reduced  to  twa  Thii 
is  also  lucidly  explained  by  Lord 
Kelviu  {hte.  cit.)  It  has  been  fol- 
lowed up  in  detail  in  two  interest- 
ing papers  by  W.  Winter  in  Ezner's 
'  Repertorium  lier  Physik '  (vol.  21, 
p.  776,  and  vol.  21,  p.  471). 

'  The  history  of  aatronoinicaJ  cal- 
culations nncB  the  time  of  Newton, 
wjien  the  theoretical  baaia  was  UDGe 
for  all  laid,  is  a  history  of  gradual 
approximations.  Mathematically  a 
conic  section  is  suffidently  defined 
if  the  position  of  Che  focus  (the  sun 
in  our  planetary  system)  and  three 
positionB  of  the  cooviiig  star  are 
known  by  obaerration.     "  ' 
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the  beet  we  can  attain  to  iu  our  results.'  An  entirely 
new  branch  of  investigation  springe  up — viz.,  the  theory 
of  error,  the  doctrine  of  probability,  and  the  investigation 


and  calcnlktion  nere  iDvented  to 
deal  pntctically  with  the  problem. 
Up  to  17S1,  when  the  new  planet 
UranuB  wu  discovered  by  Her- 
schel,  the  interest  centred  mwnly 
in  the  determinat[on  of  the  orbits 
o[  cometa,  which  ner«  assumed  to 
be  parabolic.  Halle;  was  the  first 
to  calculate  these  by  means  of  ten- 
tative methods  given  by  Newt<iD  in 
the'Principia.'  After  17S1  the  ne- 
Mesity  aroae  of  determining;  closed 
orbits,  and  a  Srat  attempt  wu  made 
to  do  ao  by  assuming  circular  orbits 
(neglecting  the  elliptioity)  and  ne- 
glecting the  inclioation  of  tbe  plane 
of  the  orbit  to  that  of  the  earth. 
But  in  tbe  flr«t  year  of  thia  century 
neither  the  parabolic  nor  the  circular 
figure  of  the  orbits  seemed  to  an- 
swer in  tbe  case  of  the  new  planet 
Cerea,  nor  could  the  inclination  of 
the  orbit  be  neglected.  It  required 
aU  the  skill  of  Oauss  to  tackle  the 
entire,  unabbrtiTiated  problem,  and 
this  was  done  in  bis  fundameotal 
work  'Tbeoria  motus  corporum 
cteleetiun). '  Aa  the  '  Prinoipia  ' 
form  Che  foundaUon  of  all  pbyaical, 
so  does  the  '  Theoria  motus'  of  all 
calculating  astronomy.  A  aimilar 
fundamentalworkwhich  should  take 
the  next  important  step,  solving 
generally  tbe  problem  of  the  motion 
o(  a  body  which  is  attracted  from 
more  than  one  fixed  or  movable 
centre  (tbe  problem  of  three  bodies], 
would  mark  the  next  great  era  in 
calcuUtiDg  astronomy.  Hitherto 
this  problem  has  only  been  treated 
under  the  assumption  that  the  third 
attiocting  body  disturbs  the  real 
orbit  which  bos  been  colcuUted. 
The  necessity  of  solving  the  prob- 
lem of  three  bodies  has  made  itself 
felt  in  the  theory  of  the  moon  and 
otlier  satellites,  which  stand  under 


the  influence  of  the  Diain  planet  as 
well  as  tbe  sun,  and  where  therefore 
the  ellipais  of  Kepler  cannot  even 

be  taken  as  a  iirst  approiimatioD. 
And  here  again  tbe  necessity  of  tak- 


mg  ii 


b  the 


the  Rgures  of  the  attracliag  bodies 
itiU  further  complicates  the  prob- 
lem. On  them  depend  the  preces- 
sion of  tbe  equinoiee  and  tbe  ir- 
regularitj  of  tJie  precession  known 
under  the  name  of  nutation. 

'  According  to  Wolf  ('  Handbuch 
der  Astronomie,'  vol.  i.  p.  12S  >qq.) 
the  merit  of  having  first  considered 
the  beet  methods  of  dealing  with 
errors  of  observation  belong*  to 
Picard  {1670)  and  R(^r  Cot^ 
('  Aeetimatio  errorum  in  mixta 
mathesi,'  1732).  Theformer  seems 
to  have  first  used  the  apparently  ao 
obvioua  rule  of  taking  tbe  ariUi- 
metical  mean  of  a  number  of  ob- 
servations, the  latter  introduced 
tbe  notion  of  attributing  to  eacb 
obeervation  its  value  or  weight. 
Cotes  accordingly  found  that  the 
oentre  of  gravity  of  a  number  of 
weighted  points  distributed  over  a 
plane  coincided  with  the  position  of 
greatest  probability.  Oausa  sus- 
pected that  Tobias  Mayer  bad 
already  employed  modem  methods 
in  his  calculation  of  long  series  of 
observations,  and  he  himself  used 
what  is  termed  after  Legendre  the 
"  method  of  least  squares  "  as  early 
as  179S.  It  was  not  published  till 
ISOS  by  Legendre,  in  his  memoir 
'  Nouvelles  mdthodes  pour  la  deter- 
mination des  orbitea  dee  oom^tea.' 
Qausa  published  hia  methods  in  1  SOS 
in  the  celebnled  'Theoria  motus 
oorporum  cteleatium.'  Thia  method 
of  finding  the  most  probable  result 
when  B  loig^  number  of  equations 
is  given  than  nnknown  quantities 
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ot  the  degree  of  approximation  which  we  can  attain  to. 
And  this  does  not  only  refer  to  the  methods  of  calculation 
which  we  adopt, — is  not  only  a  consequence  of  the  limits 
of  our  mathematical  powers;  this  element  of  error  attaches 
likewise  to  our  actual  observations,  to  the  imperfection  of 
our  senses  and  of  our  instruments.  The  many  sources 
of  mistake  and  inaccuracy  which  surround  us  may  either 
combine  to  produce  an  absolutely  useless  result,  or  may 
be  adroitly  adjusted  so  as  very  lat^ely  to  destroy  each 
other.'  The  arrangement  of  instruments  of  observation 
and  calculation,  so  as  to  minimise  our  errors,  is  a  special 
branch  of  science.     Before  the  time  of  Newton  few  minds 


U  the  ucne  u  th&t  ot  fiadiog  the 
centre  of  grkviiy  of  ■  numlMr  of 
weighted  poiote.  This  centre  hu 
the  property  that  the  sum  ot  the 
squarM  of  ita  dutoDoei  from  these 
point*  ie  s  minimum.  After  the 
method  had  been  introduoed,  La- 
place and  Oaun  independetitl]'  tried 
to  prove  it  by  a  variety  ot  cooBidera- 
tinns.  These  have  not  alwaya  been 
accepted  u  concliuive,  though  it  is 
remarkable  that  veiy  different  ways 
of  attacking  the  problem  all  lead  to 
the  Bame  result,  and  that  the  rule 
is  confirmed  by  actual  trials  on  a 
large  acale.  It  has  been  Bhonra  that 
the  method  of  least  equarBs  in  the 
case  of  a  series  of  observations  of 
ooe  and  the  same  quantity  is  equal 
to  taking  the  arithmetical  mean, — a 
process  which  recommends  itself  to 
common- sense,  though  it  is  not  easy 
to  prove  it  mathematically  to  be  the 
best^  On  the  whole,  the  calculus 
of  probabilities  and  tlie  so-called 
law  of  error  are  attempts  to  put 
into  figures  sod  mathematical  for- 
mulm  a  few  common-sense  notions, 
and  it  is  interesting  to  see  to  what 
complicated  processes  of  reasoDing 
a  combination  of  these  simple  no- 
tions may  lead.    The  literature  of 


the  subject,  belonging  almost  en- 
tirely to  this  century,  is  very  large, 
Laplace  and  Qauss  heading  the  lut. 
Bnckehas  summarised  the  scattered 
discussions  of  Oausa  and  Beasel  in 
his  memoir  on  the  subjeut,  reprinted 
in  Taylor's  '  Scientific  Memoirs '  and 
in  the  and  vol.  of  Encke's '  Abhand- 
lungen,'  Berlin,  18SS.  De  Morgan, 
Airy,  and  Jevons  ('Prindptes  of 
Science,'  voL  i,)  in  England  have 
done  much  io  popularise  the  sub- 
ject, and  Bertrand  ('  Calcul  des  Pro- 
babilitea,'  1888)  has  very  fully  dis- 
cussed the  principles  of  the  whole 
matter  and  shown  up  the  weak 
points.  The  application  of  the  cal- 
culus to  statistics  will  occupy  us  in 
a  future  chapter. 

'  Not  only  has  every  instrument 
ita  constant  errors,  but  even  every 
observer  himself  has  what  is  called 
a  petBonal  equation — i,t.,  he  is  sub- 
ject to  constant  errors  of  observa- 
tion, dependent  on  the  pecniliarity 
of  his  sense  organs,  or  his  tem- 
perament. Ice.  This  was  hardly 
recognised  at  the  beginning  of  this 
century,  when  Haskelyne,  the  As- 
tronomer Boyal,  dismissed  an  as- 
sistant whose  observations  showed 
a  constant  dififarence  from  his  own. 
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were  occupied  with  the  many  researches  indicated  here. 
But  as  the  contents  of  the  '  Frincipia '  became  familiar 
and  intelligible  to  men  of  science,  a  large  army  of 
workers,  collected  from  all  sides,  had  within  the  first 
century  after  its  publication  accumulated  a  great  mass  of 
research.  It  is  the  glory  of  the  old  French  Academy  of 
Sciences,  in  spite  of  the  opposition  to  Newton  that  ruled 
there  for  some  time,  to  have  in  all  earnest  taken  up  his 
great  bequest,  and  to  have  made  such  a  summary  possible 
as  was  given  by  Laplace  in  the  two  works  above  re- 
ferred to.  To  Laplace  belongs  also  almost  exclusively  the 
merit  of  having  recognised  the  importance  which  attaches 
in  all  human  science  to  the  existence  of  error,  and  of 
having  founded  the  theory  of  probability.  The  element 
of  error  cannot  be  eliminated  from  our  observations  and 
our  reasonings :  the  only  true  scientific  method  is  to 
measure  and  study  it. 

The  gravitation  formula  of  Newton  not  only  brought 
precision  and  definiteness  into  scientific  work  in  the  three 
directions  mentioned  above— it  not  only  produced  strict 
definitions  of  the  fundamental  notions  of  dynamics,  pro- 
moted accurate  measurements  of  physical  quantities,  and 
inaugurated  a  new  literature  in  pure  mathematics ;  but  it 
had,  as  all  other  gi-eat  generalisations  have  had  since,  a 
very  far-reaching  influence  on  scientific  thought  in  other 
ways.  There  always  have  been,  and  always  will  be, 
several  distinct  interests  which  induce  men  to  study 
nature.  Some  are  driven  to  it  by  curiosity,  or  a  pure 
love  of  nature.  To  those  who  belong  to  this  class  the 
end  of  the  study  of  nature  is  to  describe  and  to  portray 
the  objects  which  surround  ua,  to  see  and  know  them 
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better.  It  wotild  seem  as  if  to  such  minds  the  scientiiic 
formula,  the  so-called  law  of  nature,  must  be  distasteful, 
and  probably  useless.  Nevertheless  the  scientific  view,  of 
which  the  mathematical  formula  is  an  extreme  expres- 
sion, has  reacted,  though  not  always  beneficially,  upon 
the  labours  of  those  who  confine  themselves  to  observa- 
tion and  description ;  it  has  given  to  their  efforts  general 
interest  and  encouragement,  indicated  new  directions,  and 
frequently  opened  new  fields.  Thus  the  new  formula  of 
Copernicus  and  Galileo  gave  a  great  impetus  to  star- 
gazing, which  was  greatly  increased  by  the  almost  eon- 
temporary  invention  of  the  telescope.  The  new  theory 
required  the  rotation  of  the  planets,  and  led  to  minute 
observations  of  their  phases,  and  to  the  discovery  of  the 
satellites  of  Jupiter  and  the  ring  of  Saturn.  Variable 
stars  were  incidentally  discovered  by  Tycho,  and  the 
long-n^lected  comets  received  greater  attention.  Ber- 
noulli attempted,  and  Halley  actually  carried  out,  the 
calculation  of  the  return  of  a  comet  Still  later — in 
fact,  not  before  the  end  of  the  eighteenth  or  the  beginning 
of  the  present  century — came  the  turn  for  reliable  obeer- 
vation  of  meteors  and  auroras ;  for  as  late  as  1790  the 
*  Decade  philosophique,'  as  well  as  the  Paris  Academy  and 
many  learned  persons,  ridiculed  the  authentic  reports  of 
the  fall  of  meteors,  and  Chladni's  classical  dissertation  on 
the  stone  of  Pallas.^     It  seems  aa  if  the  purest  love  of 

'  When  in  the  year  1790  the 
municipklitj  ol  JuilUc  in  Omcod; 
submitted  t,  report,  signed  bj  more 
Uwn  300  ejewitneBsea,  to  the  Pari> 
Academy,  on  a  f*ll  of  itoaee  irhich 
h&d  tbere  t&ken  pliue,  oQe  of  the 
editors  of  the  'IMcude  philoeo- 
pbique'  remu'ked  that  it  wauld  be 


better  to  decjiuch  incredible  tbinge 
than  to  enter  into  Any  eipUnKtiona. 
Berthoton  could  not  help  piCjing  a 
community  which  had  (uoh  a  foolUh 
maire,  and  remarked  in  the  '  Jour- 
nal des  8ciencee  utilea ' :  "  How  aad 
it  ie  to  Snd  a  whole  municipality 
attesting  formally  by  protocol  popu- 
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nature,  the  greatest  devotion  of  the  observer  and  the 
n  collector,  lead  only  a  little  way  in  findii^  out  the  hidden 
paths  of  natural  things  or  the  behaviour  of  natural  ob- 
jects ;  and  however  grateful  we  must  be  to  those  pioneers 
of  knowledge  who  with  unrewarded  patience  amass  the 
material  for  later  theorists,  it  is  to  the  classification  of  a 
Linnceue,  to  the  arrangements  of  a  Cuvier,  to  the  theories 
of  a  Darwin,  to  the  meaeurenientB  of  a  Bradley  and  a 
Herschel,  most  of  all  to  the  fonnulie  of  a  Newton  or  a 
Gauss,  followed  by  the  calculations  of  their  pupils,  thafc 
we  are  indebted  for  a  real  grasp,  for  a  comprehensive 
knowledge,  of  great  masses  of  natural  phenomena. 

Next  to  the  pure  love  of  nature,  the  desire  to  apply 
natural  knowlei%e,  and  to  make  it  useful  for  practical 
purposes,  has  rendered  in  return  great  services  to  science. 
The  Eoyal  Society  and  the  Royal  Institution  had  both 
from  their  infancy  a  large  admixture  of  the  practical 
spirit  These  were  founded,  more  even  than  the  academies 
abroad,  to  a  great  extent  upon  the  desire  to  make  know- 
ledge useful. 

The  GovemmentB  of  England  and  of  France  promoted 


I*r  fablea  which  »x«  on);  to  b«  pitied  I 
What  can  I  add  to  aaah  t,  protocol  ) 
Tha  philoeophical  reader  will  him- 
mU  iuggest  what  to  say  wlien  he 
reads  tMs  authentic  proof  of  an 
evideiitl}'  wrong  fact,  of  a  pheno- 
menon which  is  physically  irapoe- 
uble"  (Wolf, 'Qeschichte  der  Aetro- 
BODiie,'  1377,  p.  697  iq.)  Chlodnt 
published  hia  essay  on  the  large 
maas  of  iron  found  by  tha  traveller 
Patlaa  in  Siberia  in  the  year  1784, 
and,  in  spite  of  advene  criticieme, 
followed  it  up  by  a  cat&logue  and 
an  atlas  of  meteoric  stones,  sug' 
geiting  that  they  were  of  cosmic 


origin.  Fortunately,  a  remarkable 
fall  of  atones,  accompanied  by 
meteoric  pheooiaeiia,  took  place  in 
1803  not  far  from  Paru,  at  i'Aigle 
in  the  department  de  I'Ome,  and 
Biot  was  comuiissioned  by  the 
Academy  to  proceed  to  the  dis- 
trict and  eiamine  the  case.  In  the 
'  Relation,'  &c.,  which  he  resd  before 
the  Institute,  he  established  the 
fact  that  a  meteor  exploded  in  the 
district,  and  that  at  the  same  time 
a  fall  of  many  thousand  stonee, 
weighing  about  20  tons,  took  place 
(Biot,  '  M^anges  scientifiques  et 
litt^niires,'  voL  L  p.  15  iqq.) 
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the  study  of  the  "  mechanicB  ot  the  heavens  "  by  offering 
large  prizes  for  scientific  and  practical  means  of  deter* 
mining  the  longitude  at  sea.  The  lunar  theory,  which 
has  occapied  the  attention  of  Uie  greatest  mathematicians 
since  Newton — of  Euler,  Clairaut,  and  Tobias  Mayer  in 
the  last  century ;  of  Burckhardt,  Plana,  and  Hansen,  of 
Delaunay  and  Adams,  in  the  present  century — was  an 
outcome  of  this.  It  still  engages  the  attention  of  scien- 
tific minds,  involving  as  it  does  all  the  most  delicate 
astronomical  calculations,  whilst  for  practical  nautical 
purposes  the  moon  has  ceased  to  be  the  great  timekeeper, 
and  has  since  1763  been  replaced  by  the  wonderful 
chronometers  of  Harrison  and  his  successors.  A  similar 
stimulus  both  to  abstract  scientific  research  and  to  the 
perfection  of  the  practical  instruments  of  measurement 
was  given  in  this  century  by  the  development  of  sub- 
marine telegraphy :  in  this  case  both  sides  of  the  pi-oblem, 
the  scientific  and  the  practical,  were  attacked,  and  carried 
to  a  high  degree  of  perfection  by  one  and  the  same  mind' — 

'  William  Thonuon'a  (Lord  Kel-  [  ths  ugnala  and  the  gradual  iocreMe 

vio'i)  mveiUgationB  and  iDveDtiona,  |  of  the  strengtli  of  the  electric  cur- 

whkh  made  Bubmariti*  telegraph;  |   rent  at  the  receiving  end  of  long 

atloDgdistaDcacommerciall;  prac-  i  aubmariDe  cables  ("Oa  tfas  Theor; 

ticable,  refer  mainly  to  the  over-  of    the   Electric    Telegraph "    and 

coming  of  the   "  eiDbarrawment "  '  other  papera,  reprinted  id  the  2iid 

occaaioDsd  hj   the    property   (di«-  vol.  of  'Hath,  and  Phys.  Fapere,' 

covered  bj  Wemer  Siemens,  18*9,  188*).      The   importance  of   con- 

and  inveatigated  by  Faraday,  1851)  structiug  delicate  instrumeDta  for 

which    submerged    cables    posaeu  registering   feeble   signals,   and  of 

ot  "retaining  a  quantity  d  dec-  a  method  for   reducmg   the   time 

tricity  in  charge  along  the  whole  of  mngle  signali,  became   evident 

surface."    In  1864  Thomson  made  through  these  theoretical  inveati- 

a  full   theorttiod  eiamination   nf  gations.     The  mirrur  galvanometer 

this   phenomenon,  showed  how  it  was  fint  used  in  185B  on  the  Grit 

depended  on  the  length,  the  elec-  I   Atlantic  cable,  and  afterwards  on 

trie    resistance,    and    the    electro-  the  lucceasful  cables  of  18B5  and 

static  capacity  of  the  line,  and  gave  j   I8SQ.      It   was    followed    by    the 

a  mathemalJoal  formula,  with  prac-  ,   spark  -  recorder,   which   led  to   the 

tioal  examples  of  the  retardation  of  '  syphon -recorder  (1887-70),  which 
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an  almost  unique  instance  of  the  combination  of  abstract 
reasoning  and  practical  inventiveness.  An  almost  equally 
important  problem,  having  both  scientific  and  practical 
interest,  arising  out  of  the  Newtonian  gravitation  formula, 
is  the  problem  of  the  tides.  Here  also  the  first  suggestions 
towards  a  theory  were  given  in  the  '  Principia,'  whereas 
the  lirst  attempt  at  a  solution  is  contained  in  Laplace's 
great  work.  A  closer  approximation  was  reached  by  Sir 
W.  Thomson  in  his  extensive  theoretical  and  practical  use 
of  Fourier's  mathematics. 

I  shall  have  frequent  opportunity  to  refer  to  the  bene- 
ficial and  fructifying  influence  which  practical  problems 
have  exerted  on  scientific  thought ; '  in  fact,  in  spite  of 


has  rincs  been  in  lue  in  submu-ine 
tel^npb;.  Tb«  beat  account  of 
these  disooveriea  and  iDvebUoDS  ia 
to  bo  found  in  Lord  Keliin'i  own 
pipers,  a  good  summary  beinv  riven 
ID  his  flhort  article  in  Nidiol's 
'Cyclopedia,'  reprint«d  aa  No.  82, 
vol.  ii.  p.  188. 

'  How  much  science  owes  to  tlie 
practical  interests  of  naiigaCion  can 
be  Been  b;  a  glanoe  at  the  subjects 
coDtaioed  in  tbs  third  Toluma  of 
Lord  KeWin's  '  Popular  Lecturee 
,  and  Addreesea.'  The  Tides,  Deep- 
Sea  Sounding,  Cable -Lsfiiig,  and 
Terrestrial  Magnetism  all  fumieh 
important  practical  as  well  a<  high' 
1;  abstract  theoretical  problem  a, 
tbe  solution  of  which  demands  new 
instruments  and  new  methods  of 
calculation.  The  phenomena  of 
the  tides  and  those  of  terrestrial 
magnetism  are  intimately  connect- 
ed with  two  of  the  most  refined 
mathematical  theories  which  this 
century  has  developed.  The  for- 
mer was  first  attacked  by  the  so- 
called  equilibrium  theory — tbe  pro- 
blem being  to  find  the  figure  of 
equilibrium  of  a  rotating  ellipwud 


covered  witb  water  under  the  in- 
fluence of  various  attracting  farces. 
Laplace,  followed  by  Airy  and 
Thomson,  showed  how  it  is  much 
more  a  question  of  dynamics  than 
of  statics,  and  that  it  resolves  itself 
into  the  analysis  and  subsequent 
synthesis  of  a  number  of  periodic 
movements,  dependent  upon  the 
several  periodic  changes  of  the  ro- 
tation o(  the  earth  and  the  revo- 
lutions of  tbe  moon  roun4  the 
eartb  and  the  sun.  A  general 
method  of  dealing  mathematically 
with  the  superposition  of  several 
periodic  cbangei  had  been  invented 
by  Fourier  in  the  early  part  of  this 
century,  and  it  was  this  which, 
especi^y  in  tbe  hands  of  Lord 
Kelvin  and  his  brother — the  Ute 
Prof.  James  Tbomson— led  to  the 
harmonic  analysis  of  tide  motion 
and  the  subsequent  invention  of 
tide- predicting  apparatus  (see  the 
above  volume,  p.  177  tqq.)  The 
observation  of  tbe  magnetism  of 
tlie  earth  is  connected  witb  great 
improvements  in  the  theory  and 
conatruotJon  of  tbs  mariner's  com* 
pass,  suggeatnd  and  carried  out  by 
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the  great  reciprocal  influence  which  scicDce  has  gained  in 
the  course  of  this  century  over  practical  life,  I  am  still 
doubtful  whether  scientific  thought  has,  at  the  end  of 
our  century,  as  yet  balanced  the  debt  which  it  owes  to 
practical  inventors.  It  is  instructive,  for  instance,  to 
consider  how  much,  in  the  hands  of  Rumford,  of  Sadi 
Camot,  of  Him,  and  of  Eankine,  science  has  learnt  from 
the  steam-engine,  and  to  reflect  whether  from  all  the 
theoretical  insight  gained  any  really  radical  improve- 
ment of  the  steam-engine — still  one  of  the  most  imperfect 
machines — has  resulted.' 


Lord  KeMn ;  and  it  hu  id  an- 
other ctirectioD  lad  to  rem&tiable 
Bcientific  reaulta  in  the  boadi  of 
Gaum,  who  between  the  jean  18S0 
and  1810  brought  the  theory  al- 
moet  to  perfection.  Here  again 
the  physical  phenomenon  required 
(or  ita  treatment  a  special  mathe- 
matical analj«ia,  nhich  Qann  great- 
ly furthered  in  his  '  Allgemaine 
Lehnatze  in  Beziehung  auf  die  im 
verkehrten  VerbiUtDiiBe  de*  Quad- 
rats der  EntfemuDg  virkenden 
Anziebungs-  uod  Abiitouungt- 
Kraft«'(1840].  Thwigamathema- 
ticttl  inTestigation  of  the  Newtonian 
gravitation-tormula.  Oauu  followed 
out  the  theories  of  Laplace  and  La- 
grange Bimultaneoualy  with  Green, 
whose  now  celebrated  memoir  on 
the  aubject  remained  long  unknown 
(eee  npra,  pp.  231,  247).  The  ma- 
thematical theory  showed  that  in  a 
sphere  contnining  a  certain  amount 
of  attracting  (ma^etic)  matter  an 
ide»l  distribution  on  the  surface  of 
the  sphere  can  be  tound  which 
take*  the  place  of  the  real  but  un- 
known distribution  in  the  interior, 
and  that  if  through  obeervatioo  the 
necessary  data  are  supplied,  the 
magnetic  condition  of  any  point 
on  the  surface  can  be  foretold  with 
great  approiimation.      A*  an  es- 


ample.  Causa  foretold  from  the 
imperfect  data  at  his  command 
the  position  uf  the  south  magnetic 
pole,-  InlSiOCaptSirJamesRoaa 
approached  it  Bufflciently  to  show 
the  correctness  of  the  calculation. 
The  theoretical  inveatigation*  Id 
connection  with  magnetic  attrac- 
tion and  with  tidal  movemente 
baTe  remodelled  the  methods  of  ob- 
servation of  the  phenomena  them- 
selves, the  older  methods  having 
proved  to  be  in  many  ways  Joauf- 
fidant.  A  full  account  of  Gauss's 
labours  here  referred  to  will  be 
found  in  E.  Schering,  '  C.  F.  Qauaa 
und  die  Erforachung  des  Erdmag- 
□etismus,'  Gottingen,  1887. 

'  I  refer  in  this  matter  to  two 
addresses  delivered  recently — one 
by  Prof.  Unwin  ( '  Eleotridan,'  vol. 
36,  pp.  BO  and  78)  on  "The  De- 
velopment of  the  EiperimeDtal 
Study  ol  Heat- Engines" ;  the 
other  by  Prof.  Lodge  on  "The 
Second  Law  of  ThermodynaioiCB " 
(•Electrician,'  vol,  36,  p.  80  tj?.) 
From  a  perusal  of  these  papen  one 
gains  the  impreesion  that  science 
has  been  more  successful  in  teach- 
ing lu  why  the  steam-engine  is  so 
wasteful  a  machine  than  in  show- 
ing how  it  can  be  greatly  improved. 
It  is  iatei«sting  to  hear  tluit"al- 
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19.  The  mathematical  fonnula  is  the  point  through  which 

FocaiWDg 

^^  of  all  the  light  gained  by  science  passes  in  order  to  be  of 
eairoimuiK,  ygg  (q  practice;  it  is  also  the  point  in  which  all 'know- 
ledge gained  by  practice,  experiment,  and  observation  must 
be  concentrated  before  it  can  be  ecientifically  grasped. 
The  more  distinct  and  marked  the  point,  the  more  con- 
centrated will  be  the  light  coming  from  it,  the  more  un- 
mistakable the  insight  conveyed.  All  scientific  thought, 
from  the  simple  gravitation  formula  of  Newton,  through 
the  more  complicated  fonnuhe  of  physics  and  of  chem- 
istry, the  vaguer  so-called  laws  of  oi^anic  and  animated 
nature,  down  to  the  uncertain  statements  of  psychology 
and  the  data  of  our  social  and  historical  knowledge,  alike 
partakes  of  this  characteristic,  that  it  is  an  attempt  to 
gather  up  the  scattered  rays  of  light,  the  difTused  know- 
ledge, in  a  focus,  from  whence  it  can  be  again  spread  out 
and  analysed,  according  to  the  abstract  processes  of  the 
thinking  mind.  But  only  where  this  can  be  done  with 
mathematical  precision  and  accuracy  is  the  imi^e  sharp 
and  well  defined,  and  the  deductions  clear  and  unmis- 
takable. As  we  descend  from  the  mechanical,  throi^h 
the  physical,  chemical,  and  biological,  to  the  mental, 
moral,  and  social  sciences,  the  process  of  focalisation 
becomes  less  and  less  perfect, — the  sharp  point,  the 

most  oil  the  present  difference  be-  provtmeDt  o[  the  at«>m -engine  to 
tneen  the  best  steam  -  engine  and  the  eiclusioD  uf  either  of  the 
the  wont  is  soma  6  or  0  per  cent "  others.  ,  ,  ,  Representing  perhaps 
(Lodge).  Pmf.  Unwin  sums  up  by  rather  the  scientiiic  than  the  prac- 
SBf ing :  "Since  IS45  purely  scien-  tical  interest,  1  do  not  think  that 
tjnc  men,  scieutifio  experimenters,  the  mathematical  and  physic*!  re- 
aud  practic&l  engineers  have  all  searches  of  which  I  have  tried  to 
been  engaged  in  the  study  of  the  give  an  account  have  had  ne-  in- 
steam -engine.  I  do  not  believe  fluence  on  the  practical  business  of 
that  any  one  of  the  three  can  the  engineer." 
clajm  all  the   credit  for  the   im- 
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focuB,  is  replaced  by  a  larger  or  a  smaller  circle,  the 
contours  of  the  image  become  less  and  less  dietinct, 
and  with  the  possible  light  which  we  gain  there  is 
mingled  much  darkness,  the  source  of  many  mistakes 
and  errors.  But  the  tendency  of  all  scientific  thonght 
is  towards  clearer  and  clearer  definition ;  it  lies  in  the 
direction  of  a  more  and  more  extensive  uee  of  mathe* 
matical  measurements,  of  mathematical  formula. 

There  is  probably  no  science  which  has  come  so  per- 
fectly under  the  control  of  this  kind  of  mathematical  ex- 
pression as  has  astronomy  since  the  time  of  Newton  or  of 
Laplace,  and,  we  may  add,  there  exists  probably  no  mathe- 
matical formula  which  has  stood  the  test  of  application  to 
existing  phenomena  so  long  and  so  thoroughly  as  the 
gravitation  formula  of  Newton.  It  possesses  two  unique 
properties  which  no  other  formula  posseBaeB^so  far  as  we 
can  now  see — it  is  universal '  and  it  is  accurate,'     These 


'  The  Ian  of  gntTitation  can  be 
oiled  the  6nt  and  moat  general 
phftical  law  or  statomeut  of  nui- 
verul  applicatioD.  The  lawa  of 
motioii  ma;  be  called  mechaniis] 
or  dynamical  statemeDts.  Both 
the  Uw  of  gravitatiou  and  the 
law*  of  mution  deacribe  facta,  and 
have  beeu  found  b;  eipeiienee ; 
but  the  lawB  of  motion  con- 
phjiical    conatant —  i.e,. 


UoD,  and  the  alwolute  value  of 
which  hM  tor  ui  »t  present  no 
ulterior  meaning.  The  law  of  gra- 
vitation hM  one  phjiical  conatant, 
the  universal  gravitatbn  conateiit 
(gee  p.  320).  Aa  it  meaounia  what 
we  call  matter,  it  need  not  be  de- 
termined, and  ita  actual  detenuiu. 
ation,  which  hai  been  accurately 
made  only  in  recent  timet,  bat  not 


in  anj  direction  advanced  our  gen- 
eral phyaical  knowledge.  For  all 
practical  purpoeea  of  phjaica  the 
unit  of  masa  is  a  weight,  juat  u  for 
all  coramercial  purpoaea  gold  ii  the 
atandard  of  value.  The  aatrooo- 
mical  view  permita  ua  to  go  a  step 
further  and  expreta  the  maaa  of  a 
pound  of  matter  in  unlta  of  time 
and  space,  and  the  political  econo- 
mist may  seek  for  a  real  atandard 
of  value — for  inatance,  an  article 
of  food  like  wheat.  Other  funda- 
mental physical  laws  or  general 
'-' *"  involve  other  phyaioal 


*  The  accuracy  of  the  ao-called 
laws  of  natnre,  or,  more  correctly, 
of  the  eipressiona  which  icience 
givea  to  the  lawa  of  nature,  ia  a 
vei7  important  queation.  Little  is 
said  on  thia  point  in  the  ordinsry 
text -books.      It  is  only   in   very 
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two  properties  of  the  gravitation  formula  have  been  brot^ht 
out  bj  a  long  line  of  investigations,  carried  on  with  the 
view  of  substantiating  or  of  refuting  the  formula.  They 
mark  the  development  of  whole  sciences,  the  foundation 
of  quite  novel  branches  of  research,  I  propose  briefly  tx> 
follow  up  these  developments. 

Common>6ense  has  never  had  any  difficulty  in  knowing 


purposes  of  practical  life.  But  it  took  tbousauds  of  years 
to  find  a  definition  of  these  quantities  which  could  serve 
.as  the  basis  of  exact  measurement,  and  permit  calcula- 
tions of  results  into  which  both  factors  entered  in  varying 


recent  publicatiuDS  that 
is  BufBcieatlj  drawn  to  tUs  fact 
that  very  few  mathematical  for- 
mulcB  in  physiM  or  chemistiy  are 
-more  than  approiimationa,  Th« 
law  of  gravitation  ii  one  of  the  few 
mathematjcal  expresaiom  which, 
besides  being  universal,  have  stood 
the  most  rigoroua  teats  a«  to  accur- 
acy. A  moat  interesting  attempt 
to  prove  the  inaccuracy  of  NeW' 
ton  s  law  WAS  made,  but  epeedilf 
Abandoned,  by  Clairaut,  one  of 
the  earlieat  Mewtoniaas  in  the  old 
Academy  of  Sciences.  Clairaut 
began  about  1743  to  study  the 
lunar  theory  in  the  light  of  New- 
ton's Bystem,'  which  Hadrin  be- 
fore him  had  already  despaired 
of  recouoUing  with  the  facte  of 
observation.  When  he  himself, 
an  calculating  the  annual  motion 
f){  the  moon's  apogee  (or  fartbeet 
point  in  its  orbit  round  the 
«arth),  found  only  half  the  value 
which  observation  furnished,  he  was 
tempted  in  hia  communication  to 
the  .Icademy  of  November  1747  to 
augge«t  that  the  Newtonian  for- 
mula might  require  a  correction  for 
great  distances.  Tliie  suggestion 
was  followed,  as  L&lande  tells  us. 


tiy  a  veritable  scandal  in  the  learned 
world.  Buffbn,  for  purely  meta- 
physical reasons,  objected  to  this 
infringement  of  the  simplicity  of 
the  laws  of  the  universe.  The 
opponents  of  Newton's  system  had 
a  short  tiiumph,  which  however 
was  speedily  reversed  when  Clair- 
aut, putting  a  greater  precision 
into  nis  calculations  by  taking 
inequalities  into  account  which  he 
had  previously  neglected,  explained 
to  the  Academy  in  May  1749  that 
he  had  succeeded  in  reconciling  the 
movement  of  the  moon's  apoge« 
with  the  law  of  attraction  accord- 
ing to  the  inverse  square  of  the 
distance.  From  that  time  the 
Kewtonian  theory,  to  which  only 
shortly  before  mathematicians  like 
Euler  had  been  won  over,  reigned 
supreme.  See  Lalaade  in  the  4th 
volume  of  Montucla's  '  Histoire 
des  Mathematiques,'  p.  67,  &c. 
Euler' s  merits  io  solving  many 
problems  in  physical  astronomy  were 
so  great  that  the  Academy  procur- 
ed permission  from  Louis  XV.  to 
receive  him  as  a  nimum6rairt,  the 
eight  places  granted  to  external 
members  being  all  occupied. 
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quantities  and  in  varying  combinations.  That  a  smaller 
quantity  of  matter  in  motion  could  produce  the  same 
action  aB  a  larger  which  was  moving  slowly,  or  even 
apparently  at  rest,  and  acted  only  by  what  is  termed  its 
dead-weight,  was  a  well-known  phenomenon ;  but  it  was 
only  within  the  half-centmy  which  preceded  the  publica- 
tion of  the '  Principia '  that,  through  the  labours  of  Galileo 
and  of  Huygens,  mathematical  deiinitions  and  simple 
formulffi  were  laid  down,  and  generally  accepted,  which 
gave  the  means  of  accurately  measuring  and  calculating 
the  phenomena  of  moving  bodies  and  the  combination  of 
forces.  These  labours  resulted  in  a  definition  of  matter 
which,  translated  into  the  languc^  of  our  day,  says  that 
matter  is  that  which  moves  and  is  capable  of  resisting 
any  change  of  motion.  Motion  is  a  measurable  quan- 
tity. For  its  measnrement  we  require  the  measurement 
of  space  and  time,  and  the  well-known  relation  of  both 
— viz.,  velocity. 

The  above  formula  therefore  says  that  matter  is  mea- 
sured by  the  resistance  it  offers  to  change  of  motion  or 
of  velocity.  And  correspondingly  force  is  that  which  is 
capable  of  producing  change  of  motion,  or  velocity  in 
matter,  and  it  is  measured  by  the  amount  of  change  it 
produces.  Given  a  definite,  though  unknown,  force, 
portions  of  matter — i.e.,  masses — can  be  com^Mired  by  the 
resistance  they  offer  to  the  change  of  their  motion ;  the 
smaller  the  change  the  larger  the  mass  or  quantity  of 
matter.  Given  a  definite,  though  unknown,  quantity  of 
matter,' forces  can  be  measured  by  the  different  changes 
they  produce  in  the  motion — i.e.,  the  velocity — of  this 
quantity  ;  they  are  greater  or  smaller  in  the  proportion 
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of  the  change  of  velocity  which  they  produce.  One  of 
the  great  diflScultiea  which  stood  in  the  way  of  the  fixing 
of  these  very  simple  mathematical  relations  and  defin- 
itions  was  the  fact  that  all  matter  with  which  we  can 
experiment  is  under  the  influence  of  a  constant  but  un- 
known force,  that  which  makes  it  fall  if  not  supported. 
It  was  only  by  freeing  themselves  from  the  eflect  of  this 
constant  force,  or  by  balancing  it,  that  philosophers 
gradually  arrived  at  the  conception  and  definition  of 
mass,  or  quantity  of  matter,  as  something  independent 
of  its  weight.  It  was  reserved  for  Newton  to  show  and 
define  the  ezact  relation  which  weight  bears  to  the  other 
properties  of  matter  defined  and  measured  by  his  pre- 
decessors. By  doing  so  he  added  a  new  definition,  a  new 
means  of  measuring  the  quantity  of  matter  or  its  mass, 
showing  at  the  same  time  to  what  extent  the  popular 
measure  of  matter — i.e.,  its  weight — could  be  accurately 
used  for  scientific  purposes.  Again,  to  express  it  in  the 
language  of  our  day,  Newton  showed  that  matter  is  not 
only  that  which  ofi'ers  resistance  to  change  of  motion, 
but  also  that  which  causes  change  of  motion  in  other 
portions  of  matter:  it  is  not  only  the  object  on  which 
force  spends  itself,  it  is  the  seat  of  this  force,  and  the 
degree  in  which  it  can  change  motion  in  other  portions 
of  matter  is  proportional  to  the  d^ree  in  which  it 
resists  the  change  of  its  own  motion — in  other  words, 
the  gravity  or  weight  of  matter  is  proportional  to  its  mass 
or  inertia,  and  is  not  dependent  on  any  other  difference, 
whether  of  size  or  of  qnahty.  This  second  universal 
property  of  matter,  which  brought  out  more  clearly  the 
reciprocity  of  all  mechanical,  and  subsequently  of  all 
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physical  actions,  is,  however,  dependent  on  the  mutual 
distances  of  the  particles  of  matter,  and  can  therefore  be 
altered,  but  can  as  little  as  the  existence  of  matter  itself 
be  removed.  This  view  of  Newton's  explained  or  de- 
scribed dearly^  the  phenomena  of  movii^  and  falling 


'  The  diitiDction  between  ha  ex- 
plautioQ  aui  tt  description  of  the 
facts  of  nature  haa  been  slowly  de- 
veloped in  tlie  course  of  modem 
thought.  Probably  Leibniz  was 
the  first  to  insist  on  it,  and  to 
nuintain  in  the  abatract  that  all 
description  o(  nature  would  be  me- 
choDit^,  bat  that  the  explanation 
or  int«rpret»tioo  of  nature  must  be 
spiritual.  But  the  first  practical 
iastADce  of  this  important  distinc- 
tion is  really  to  be  found  in  New- 


ally  in  the  '  Optica,'  the  double  view 
of  the  proUeme  of  philoeophy  ia 
clearly  indicated,  ^e  principtea 
of  science  since  the  time  of  Ne'wton 
are  general  facts,  established  by 
experience  and  put  into  mathe- 
matical language,  admitting  of  con- 
stant verification  by  observation 
and  by  the  deductions  of  the  cal- 
culus. Theee  prindples  are  not 
the  ultimate  causes,  but  only  a 
concise  deecription  of  some  of  the 
phenomena  of  nature.  Theee  prin- 
ciples Newton  colls  mathematical— 
referring  to  measurable  quantities 
— and  distinguishes  them  from  the 
phiiosophical  principled)  ('Prino,,' 
Ist  ed.,  p.  401).  Especially  oe  re- 
gards gravitation,  Newton  explains 
many  timee  that  he  uses  this  term 
not  as  on  explanation,  but  only  as 
a  mathematical  descriptjon  of  the 
force  with  which  bodies  approach 
each  other,  whatever  the  cause  of 
this  phenomenon  may  be,  vrhicb  he 
leaves  others  (called  with  some 
irony  laetaphysicians}  to  deter- 
mine ('Optica,'  query  SI).  That 
VOL.  L 


Newton,  besides  giving  the  pradse 
mathematical  principles  of  all  future 
dynamical  science,  mdulged  also  in 
further  speculations,  which  he  put 
into  the  form  of  queriee  and  ad- 
vanced with  hesitation  and  merely 
tentatively,  gave  his  opponents 
ample  opportunity  to  attack  the 
doubtful  and  uncertain  statements 
in  bis  philosophy.  Instead  of 
studying  and  understanding  the 
mathematical  truths  of  the  'Prin- 
cipia,'  they  attacked  the  doctrines 
which  were  fragmentarily  put  for- 
ward in  Che  queries  to  the  '  Optics ' 
or  added  in  the  general  scholium 
at  the  end  of  the  seoond  edition  of 
the  'Prineipia.'  Hoger  Cotee  in 
his  preface  to  the  second  edition 
of  the  'Prindpio,'  and  Clarke  in 
his  coireepondence  with  Leibniz, 
point«d  out  the  diSerenoe  between 
Newton's  descriptive  and  calculat- 
ing and  the  older  or  metaphysical 
philosophy.  They  were,  however, 
more  interested  m  disproving  the 
atheistical  consequences  of  which 
Newton's  philosophy  hod  been  ac- 
cused than  in  clearly  inwsting  on 
the  fundamental  difi'erence  between 
mathematical  and  metaphysical 
principleB — %,e,,  between  the  exact 
and  the  philosophical  views  of  na- 
ture. And  in  Bealley's  Bojle  lec- 
tui««,  delivered  in  1602  and  1693, 
tlie  prindplas  of  Newton's  philos- 
ophy were  specially  brought  fc*- 
ward  to  refute  atheism,  an  under- 
taking which  Newton  himself  eup- 
ported  in  his  contemporary  corre- 
spondence with  Bentley,  published 
half  a  century  later,  in  17se. 


b,Goo(^lc 


338 


SCIENTIFIC  THOUGHT, 


ultlmlM 
proMTtji 


masees,  not  only  at  a  point  on  the  surface  of  our  earth, 
where  the  force  of  gravity  can  be  considered  to  be  con- 
stant, but  all  through  the  universe,  where  it  varies  with 
the  distances  of  the  moving  masses. 

The  Newtonian  formula  of  gravitation  was  not  at  once 
accepted  by  philosophers  as  a  correct  statement  of  the 
facte  of  nature.'     It  appeared  to  limit  the  existence  of 


'  The  philoaophjr  ot  D««c*rteg, 
which  thsD  reigned  on  the  Con- 
tinent, Beemed  in  m*uy  myt  to 
bindw  tlie  acceptance  of  NewUin'a 
doctrine!.  Deacartee  had  taken  a 
gr«*t  step  in  advance  in  pliiloaopbi* 
cal  Uacbiag  ;  he  had  placed  matlie- 
matioa  at  the  head  of  his  doctrine  ; 
he  had  opposed  tlie  older  metaphj- 
aical  methods,  and  he  had,  through 
his  application  of  algebra  to  gao- 
metry,  made  great  progreas  towards 
a  mechaDical  description  of  phe- 
nomena. But  he  had  not  uparat«d 
the  description  from  the  interpre- 
tation  of  nature.  Philosophy  and 
science  remained  united,  the  matbe- 
matJcol  formuliG  nere  only  a  new 
kind  of  metaphysics,  incapable  with- 
out observation  of  making  any  real 
advance  in  the  knowledge  ot  nature. 
The  facta  of  geometry  which  are 
required  for  an  application  of  an- 
alysis are  the  well'known  axioms  of 
Euclid.  An  application  of  analysis 
to  dynamica  requires  a  knowlslge 
of  the  laws  or  fundamental  proper- 
ties of  motion.  These  were  not 
correctly  and  completely  known  to 
Descartes  ;  Newton  phu^  them  at 
the  head  of  hia  mathematical  phil- 
osophy of  nature.  A  further  appli- 
cation to  physical  phenomena  re- 
quired a  knowledn  of  some  general 
physical  fact :  sudi  was  supplied  by 
Newton  in  the  gravitation  formula. 
The  laws  of  motion  and  gravitation 
once  admitted  >■  facts,  there  was 
plenty  to  do  for  mathematica.  Not 
so  with  Descartes.    In  his  philoso- 


positions  and  deductions.  The  fid 
for  mathenuttical  reasoning  not  be- 
ing sufficiently  prepared  .and  wide 
enough,  Descartee  had  speedily  got 
back  again  into  metaphysical  rea- 
soning. In  fact  the  doctrinea  of 
Newton,  in  which  mathematical  and 
philosophical  deductions  had  for  the 
first  time  been  succeaafully  separ- 
ated, encountered  on  the  Continent 
the  doctrines  of  Descartes,  in  which 
mathematical  and  pbiloeopbieal  de- 
ductions were  hopelessly  mixed  up. 
On  one  point  especially  the  two 
views  seemed  to  clash.  Descartes 
had  by  metaphysical  consideration* 
tried  to  deGne  what  matter  is. 
Newton  bad  postponed  tlie  answer 
to  this  question,  but  had  defined 
mathematically  two  properties  of 
matter — vis,,  inertia  and  gravita- 
tion. Descartes'  metaphyseal  con- 
aiderations  had  led  to  the  concep- 
tion that  matter  and  extension  wer« 
identical,  that  space  therefore  could 
not  be  empty.  Newton,  occupying 
himself  not  with  matter  in  the  ab- 
stract, hut  only  with  movinR  obserr- 
abls  matter,  had  established  the 
^neral  law  of  gravitation,  leavinR 
It  undecided  whether  the  apparent 
vacuum  existing  between  visible 
bodies  was  really  emp^  or  full. 
For  the  deductions  from  the  law 
of  gravitation  it  might  in  the 
Brat  instMice  be  considered  empty. 
Thus  on  this  question  about  space 
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matter  to  certain  chaining  places  in  an  empty  space, 
and  to  attach  the  forces  of  nature  likewise  to  this  dis- 
tribution of  matt«r.  This  was  hardly  the  intention  of 
the  author  himself,  who  saw  in  the  so-called  law  of 
gravitation  not  a  final  explanation,  but  only  a  descrip- 
tion of  the  phenomena  of  nature — notably  of  the  larger 
phenomena.  That  behind  the  mathematical  formula  there 
may  be  conditions  which  are  capable  of  further  analysis, 
— that  the  larger  or  molar  phenomena  of  moving  bodies 
are  made  up  of  their  smaller  or  molecular  movements, 
was  well  known  to  Newton.  For  before  he  approached 
the  great  laws  of  the  universe  he  had  been  occupied 
with  investigationB  which  led  him  into  the  minutest 
phenomena,  those  of  l^ht  and  colour.  To  him,  indeed, 
are  owing  some  of  the  observations  and  methods  by 
which  subsequently  the  greatest  and  the  smallest  meas- 
urements of  natural  objects  have  been  carried  out.  But 
in  exact  science  the  deeper  philosophical  meanings  dis- 
appear where  the  strict  mathematical  deductions  point 
to  definite  conceptions,  mark  certain  fixed  paths  of 
research,  and  promise  definite  results.  The  eighteenth 
century  gradually  settled  down  to  a  wholesale  adoption 
of  the  gravitation  theory — looked  upon  space  as  empty, 
upon  matter  as  subject  to  a  definite  though  changing 
distribution  in  space,  and  upon  the  forces  of  nature  as 
attached  to  certain  moving  centres,  between  which  only 
a  mathematical,  but  no  intelligible  physical,  connection 

— whether  it  wu  empty  or  full —  tiei  of  the  echolutic  philoeophj,  and 

the  two  doctrinea  came  into  coDtlict  &  great  fight  ww  etarted  againet  hi« 

That  NewtoD's  poeition  naa  not  a  views  in  the  Academ;  of  SciencM, 

fiDal,  but  only  a  proTieioDal  one,  where  Descartea' philoBophy  reigned 

was  overlooked  ;  be  waa  accuaed  of  Bupreme. 
introdudng  again  tbe  occult  quali- 
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could  be  traced.*  What  to  some  conteraporariee  of  Newton, 
and  even  to  Newton  himself,  Beemed  an  absurdity — that 
action  conld  take  place  at  a  distance* — became  through 


*  VolUire,  who  did  not  dive  very 
deep  into  the  tMchings  of  Newtoa, 
glTM  »  graphia  deKripUon  of  the 

different  opinioni  tiien  curreut  in 
Engliah  aod  French  learned  circles. 
In  his  'Lettrca  lur  les  Angloig,' 
written  about  the  time  of  the  death 
of  Newton,  after  having  diacoureed 
on  QuakeriBm,  the  Church  and 
OoTemment,  on  vaccination,  Bacon 
and  Locke,  he  devotea  four  chapters 
to  the  philosophy  of  Newton,  which 
he  contrails  with  that  of  Descartes. 
* '  Un  Francis  qui  arrive  h  LoDdrei 
trouve  lea  chosee  bieu  obang^  en 
philosophic,  comma  dane  tout  le 
reste.  II  a  laisa^  le  monde  pleio,  il 
le  trouva  vide.  Paris  on  voit 

I'univers  compost  de  tourbilloni  de 
mati^re  tubtile,  k  Londres  od  ne 
voit  rien  de  cela.  Chez  nous  c'eet 
U  preation  de  la  iune  qui  cause  le 
flux  de  la  mer ;  chez  les  Anglais 
o'eat  la  mer  qui  gravite  vers  la 
lune.  .  .  .  Chez  vos  Cart^iens 
tout  se  fait  par  une  impulsion  qu'oo 
ne  comprend  guire;  chet  M.  New- 
ton c'eat  par  une  attraction  dont  on 
De  connait  paa  mieui  la  cause.  .  .  . 
Deecarl«a  assure  encore  que  I'^t^i- 
due  seule  fait  la  oiati^,  Newton  j 
ajoute  laaoliditd"  (lettre  liv. ) 

*  "Tou  eometimeB  speak  of  gi»v. 
ity  as  eesential  and  iuherent  to 
matter.  Pray,  du  not  ascribe  that 
notion  to  me ;  for  the  eauae  of  grav. 
ity  is  what  I  do  not  pretend  to 
know"  (Newton's  2nd  letter  to  Beot- 
lej,  17th  Januarj- 1892-93).  "  It  is 
inconceivable  that  inanimate  brute 
matter  should,  without  the  media- 
tion of  something  else,  which  is  not 
material,  operate  upon  and  affect 
other  matter  without  mutual  con- 
tact, aa  it  must  be,  if  gravitation, 
in  tbe  seDse  of  Epicurua,l«  esMOtisl 
and  inherent  in  it.    And  this  is  one 


reason  why  I  deaired  you  would  not 
Mcribe  innate  gravity  to  me.  That 
gravity  should  be  innate,  inherent, 
and  eseentjal  to  matter,  so  that  one 
body  ma;  act  upon  another  at  a 
distaoce  through  a  focuum,  without 
the  mediation  of  anything  else,  by 
and  through  which  their  action  and 
force  may  be  conveyed  from  one  to 
another,  is  to  me  so  great  an  ab- 
surdity that  I  believe  no  man,  who 
has  in  philosophical  matt«rB  a  com- 
petent faculty  of  thinking,  can  ever 
fall  into  it.  Qravity  must  be  caused 
by  an  agent  acting  constantly  ac- 
cording to  certain  lawB;  but  whether 
this  agent  be  material  or  imnuUrial, 
I  have  left  to  the  consideration  of 
my  readera  "  (3rd  letter  to  Bentley, 
Eth  Febmaiy  1692-93).  And  in 
the  fifth  answer  t«  Leibniz  (pub- 
lished after  Leibniz's  death)  Clarke 
says:  "That  tbe  sun  attracts  the 
earth  .  .  .  — that  is,  that  the  earth 
and  sun  graviUUe  towards  each 
other,  or  tend  towards  each  other, 
with  *  force  which  is  in  a  direct 
proportion  of  their  masses,  .  .  . 
and  in  an  inverse  duplicate  propor- 
tion of  their  diHtanoes,  and  that  the 
space  betwixt  them  is  void — that  is, 
has  nothing  in  il  which  sensibly  re- 
sists tbe  motion  of  bodies  paaaiiig 
transversely  through :  all  this  is 
nothing  but  a,  phenomenon  or  actual 
matter  of  fact,  found  by  experience. 
That  this  phenomenon  is  not  pro- 
duced MM  moytn— that  i«,  without 
some  cause  capable  of  producing 
such  an  effect — is  undoubtedly  true. 
Philoaophera  therefore  may  sesrch 
after  and  discover  that  cause,  if 
tbey  can  ;  be  it  mechanical  or  not 
mechanical.  .  .  .  The  phenomenon 
itBolf,  the  attraction,  gravitation,  or 
tendency  of  bodies  towards  each 
other,  aod  the  laws  or  proportions 
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a  century  of  confinaiug  thought,  observation,  and  calcula- 
tion an  adopted  axiom,  and  the  accepted  formula  of  all 
physical  explanations.  For  a  time,  indeed,  the  exact 
formula  of  gravitation  seemed  liable  to  some  correction, 
but  gradually  the  apparent  anomalies  disappeared,  and 
even  in  our  century  none  of  the  many  attempts  to  modify 
the  gravitation  tonnula,  to  look  upon  it  as  merely  an  ap- 
proximation, or  to  go  behind  it  and  find  some  more  general 
relation  from  which  it  could  be  deduced,  have  been  gen- 
erally useful  or  acceptable.^  It  atill  stands  there  ae  the 
only  universally  accepted  mathematical  expression  which 
corresponds  to  a  general  physical  property  of  natural 
objects. 

Two  different  lines  of  thought  combined  to  give  the 
formula  of  Newton  a  still  wider  importance  than  its 
author  primarily  intended,  or  than  it  has  been  found 
possible  to  maintain  in  the  course  of  further  inquiry.  The 
first  was  the  ancient  philosophical  idea  of  attraction,  which, 
without  being  mathematically  defined  and  practically  use- 
ful, bad  nevertheless,  from  the  dawn  of  Greek  speculation 


of  that  tondeDcy,  ftre  oo«  sufflci- 
entlj  known  bv  obaerratioiu  and 
eiperim«ol«.  U  thii  or  aaj  otb«r 
learned  author  can  by  the  lawg  of 
mechaniem  explain  the«e  phenom- 
ena, ha  vill  Dot  only  not  be  con- 
tradicted, but  will,  moreover,  have 
the  abundant  thanka  of  the  learned 
world-  But  in  the  meantime,  to 
compare  gravitation,  which  ie  a  phe- 
nomenon or  actual  matter  of  fact, 
with  Epicurua'  declination  of  atonu 
Beemt  to  be  a  very  extraordinary 
method  of  reuoning"  {S§  llS-124, 
Leibniz's  '  Fhiloeophiache  Schrif- 
ten,'  by  Gerbardt,  Berlin,  ISBO,  vol. 
viL  p.  43Bi;.) 

'  A   very  complet«   account   of 


these  difibrent  attempta  will  b« 
found  in  the  writings  o[  C.  laen- 
krahe,  'Das  R&tbael  von  der 
Schwerkraft,'  Braunschweig,  1S79 ; 
"  Ruler's  Theorie  von  der  Uraache 
d«r  Oravitation,"  iu  '  Zeitschrift  fiir 
Mathematik  und  Phyaik,'  voL  izvi. ; 
'Ueber  die  Fernkraft,'  Leipcig, 
ISSS;  "Ueber  die  ZuHickfdhrung 
der  Schwero  »uf  Absorption,"  in 
■  Abhandlungen  zur  Oeschichte  der 
Mathematik,  vol.  vi.Leipdg,  Teub- 
□er,  1882.  3ee  also  as  bearing  on 
this  subject,  Paul  du  Bois-Raymond, 
'  Ueber  die  Onindlagen  der  &kenDt- 
niss  in  den  eiacten  Wiasenschaft- 
en,'  TiibiDgen,  1S90. 
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and  all  through  ancient  and  mediaeval  philosophy,  figured 
as  one  of  the  occult  causes  or  forces  which  r^ulate  the 
behaviour  of  living  and  dead  matter.  That  the  force  of 
attraction  alone  would  result  in  an  accumulation  of  all 
matter  in  one  body  was  of  course  recognised,  and  a  second 
arbitrary  and  occult  force — that  of  repulsion — was  intro- 
duced as  a  counteracting  or  balancing  agent. 

In  Newton's  system  of  the  universe  the  balancing  force 
was  found  to  be  that  of  an  inherent  initial  motion  which 
matter,  in  consequence  of  its  mass  or  inertia,  maintained 
in  addition  to  the  motion  due  to  gravitation.  If  motion 
and  inertia  were  able  to  account  for  the  apparent  repul- 
sion of  bodies  at  a  distance,  it  might  be  that  they  could 
also  account  for  their  apparent  attraction.  This  idea, 
though  expressed  about  the  time  when  the  Newtonian 
gravitation  formula  was  established,  did  not  meet  with 
serious  attention  till  far  on  in  our  century  other  lines  of 
thought  led  to  similar  views.'     The  phenomena  of  attrae- 


'  Newton  himself  seema  to  bave 
looked  for  a  mwhanical  eipUnation 
of  gravitatioD.      Loug  before  the 

iiublication  of  the  'Principia'  he 
kid  before  the  Boyal  Society  a 
paper  coDlaiDJug  ' '  a  h; potheeii 
explainmg  the  properties  of  light" 
hj  the  asBumplioD  of  an  "  tetlierial 
medium,  much  of  the  same  consti- 
tutioD  with  air,  but  far  rarer, 
8ubtiler,ftnd  more atrongly  elastic" 
(Letter  to  Oldenburg,  Januaiy  2S, 
1675-76,  given  in  Brewster'a  'Me- 
moin  of  Sir  I.  Newton,'  vol.  i. 
p.  390  >;<;.),  irhich  might  explain 
magnetio  and  electric  phenomeDa, 
as  well  aa  those  of  gravitation,  and 
eapecially  light.  And  in  a  letter 
to  Bobert  Boyle,  of  23th  February 
1S73-79  (Breu-ater,  vol.  i.  p.  409), 
he  reverta  t«  thie  subject.     Having, 


however,  in  the  coune  of  the  next 
decade  found  it  more  useful  to  work 
out  the  mathematical  concluaions 
to  be  drawn  from  the  pbenomenoD 
of  gravitation,  which  was  a  fact  and 
not  a  by potbeBiB,  he  abandoned  the 
meUphysical  part  of  the  subject, 
the  question  how  gravitation  was 
tfl  be  explained,  "Ending"  (aa  Mac- 
laurin  says  in  his  account  of  New- 
ton's discoTeries)  ' '  that  he  was  not 
able,  from  experiment  and  obser- 
vatJon,  to  give  a  satisfactory  ac- 
count of  this  medium  and  the 
manner  of  its  operation  in  produc- 
ing the  chief  phenomena  of  nature." 
Aod  in  bis  letter  to  Boyle,  as  well 
as  in  a  laf«r  one  to  Halley  (20th 
June  1886,  Brewster,  vol.  I  p.  439), 
he  carefully  distinguishes  between 
the  results  of  the  '  Principia '  and 
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tioB  and  repulsion  at  a  distance  rather  received  additional 
weight  and  importance  when,  following  Newton's  cosmical 
meaBurements,  Cavendish  and  Coulomb,  towards  the  end 


the  mere  framii^  of  hjpothesei 
and  conjacturea,  for  which  he  pro 
feaaes  to  hava  litUa  fano;,  though 
"  the  heada  of  Bome  great  Tirtui 
run  much  upon  bjpotheaea"; 
be  describea  hie  ear&er  speculati 
aa  "gueeseB  which  I  did  not  rely 
on."  In  fact,  the  elaboration  of 
the  theorems  contained  in  the 
'Principia'  marks  the  tnmntion 
from  the  metaphysical  to  the  exact 
or  scientific  tJeatmsnt  of  ttacuial 
phenomena.  Before  Newton  showed 
the  far-reaching  consequences,  the 
unexpected  grasp  of  a  simple  mathe- 
matical formula  in  combining  facts 
apparently  disconnected,  no  one 
could  have  suspected  that  Bucb 
would  be  possible,  and  it  is  not  to 
be  wondered  at  that  when  once 
philosophers  realised  the  power  of 
such  formula,  an  oppoeite  move- 
ment set  in  through  which  mathe- 
matical processes  were  extolled  at 
the  expense  of  experiment  and 
obserration  on  the  one  side,  and 
of  philosophical  reasoning  on  the 
other.  Newtoa  himself  never  fell 
into  this  error.  He  knew  well  the 
importaace  of  observation,  and  he 
retained  to  the  end  of  bis  life  a 
great  interest  in  the  philosophical 
or  metajdiyaical  problems  which  lajf 
beyond  or  behind  the  mathemati- 
cal statement ;  he  carefully  distin- 
guished between  the  vU  granlaiU 
and  the  muni  gravilalii.  Two  other 
great  thinkers,  secuod  only  to  New- 
ton himself,  took  up  a  similar  posi- 
tion to  the  law  of  gravitation. 
Whilst  firmly  ijelieving  in  it,  they 
considered  it  to  be  not  an  ultimate 
taw  of  nature,  a  eaum  oeailta,  but 
believed  that  it  must  be  possible  to 
derive  it  from  some  mechanical 
properties  of  matter.  The  one  waa 
older  than  Newton.     It  was  Huy- 


gens  (162B-05)  who  through  his 
tmatysis  of  cenljifugal  forces  (1873) 
had  done  so  much  Co .  pave  the  way 
for  Newton'fl  own  work.  In  1890, 
after  having  paid  a  visit  to  England 
in  order  to  become  more  intimately 
acquainted  with  Newton's  work,  he 
published  at  Leyden  his  '  Discoura 
sur  la  Caune  da  la  Peaanteur,'  a 
treatise  which  was  little  noticed  at 
the  time,  and  in  which  he  is  sup- 
posed to  have  revived  the  vortices 
of  Descartes.  Those  who  have  care- 
fully examined  it  (Fritsch, '  Theorie 
der  Nowton'aohen  Gravitation,'  Ac., 
Konigsberg,  1371 ;  and  Isenkrahe, 
'  Das  RAtbsel  von  der  Sohwerkraf t,' 
p.  S7,  fto.),  find  that  Huygeos  re- 
verted to  hia  coDoeption  of  a  mate- 
rial fluid,  on  ether,  such  as  he  had 
suggested  for  the  explanation  of 
optical  phenomena,  "  which  sur- 
rounds the  earth  up  to  very  great 
distances,  which  consists  of  the 
minulest  particles,  which  fly  about 
in  the  most  difiereat  ways  in  all 
directiona  with  tearing  velocity" — 
an  anticipation  surely  of  Leeiwe'e 
"ultramundane  corpuacles."  The 
other  great  thinker  who,  whilst 
firmly  believing  in  Newton's  law, 
sougbt  for  a  mechanical  explanation 
of  it,  was  Leonhard  Euler  (1707-83). 
In  his  ether  theory,  to  which  he 
reverts  frequently,  he  made  an 
attempt  to  explain  the  various 
physical  agencies,  among  them 
gravitation  (1743,  in  bia  'Disaer- 
tatio  de  Magnete,'  which  received 
in  1744  the  prize  offered  by  the 
Paris  Academy),  by  the  pressure  of 
the  ether.  He  admits  the  difficulty 
of  Che  problem,  but  insists  upon  the 
neceadty  of  finding  a  mechanical 
CBUH  for  gravitation.  See  Isen- 
krahe in  'Zeitechrift  fiir  Mathe- 
matik  und  Phyaifc,'  voL  xxvL  ;  but 
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u.  of  the  last  century,  subiected  the  lees  universal  terrestrial 
Dd  iu«-  phenomena  of  magnetic  and  electric  action  to  exact  mea- 
surements, finding  that  a  formula  corresponding  to  the 
gravitation  formula  described  them  with  surprising  ac- 
curacy, with  this  remarkable  difference,  that  here  not  only 
attractive  but  also  repulsive  forces,  following  the  same 
mathematical  relations  as  to  mass  and  distance,  came  into 
play.  To  these  confirmatory  discoveries  must  be  added 
the  measurement  of  the  intensity  of  radiations  which 
proceed  from  centres,  such  as  those  of  light  and  heat, 
-  made  by  various  philosophers  during  the  latter  half  of 
the  last  century.  Newton,  and  his  great  successor  La- 
place more  than  a  century  after  him,  both  favoured  the 
emission  or  emanation  hypothesis  of  light,  and  it  waa 
thus  natural  to  fasten  upon  the  analogy  which  existed 
between  the  intensity  in  which  radiation,  gravitation,  and 
electric  and  magnetic  action  change  with  the  distance 
16,  from  their  respective  centres.  All  these  agencies  came 
niniUona.  thus  uudcr  the  general  conception  of  forces  emanating 
from  fixed  centres,  and  spreading  through  space,  in  the 
proportion  of  the  superficial  area  of  the  spheres  described 
around  their  centres  with  increasing  radii — i.e.,  decreasing 
or  becoming  diluted  in  the  ratio  of  the  squares  of  these 
radii  or  distances.  These  analogies  were  indeed  recognised 
to  be  very  imperfect,  inasmuch  as  light  and  radiant  heat 
occupy  a  measurable  time  to  spread  from  their  centres, 
whereas  the  time  occupied  by  the  force  of  gravitation  is 

eipecially    Hiething,    'L.    EuleHa  wtf,  bra  again  received  fttteotloD 

Lehre  Tom  Aether,'  Berlin,  1894.  through  Faraday'ii,  Haiwell'B,  and 

Id  the  coune  of  this  centiuy  the  Herti's  electric  theoriee,  and  Wm. 

mechuiical  theory  of  graTitation,  Thomson  (Lord  Kelvin)  has  eaped- 

iacludi^  the  attempts  of  Les^,  ally  studied  the  ideaa  of  Lenge. 

Buler,  HaygeoB,  and  Newton  him-  Of  thia  more  later  on. 
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eitlier  exceedingly  small  or  this  force  is  propagated 
iDBtantaneously  through  the  greatest  cosmical  distances 
which  come  under  our  notice.  Then,  f^ain,  light  and 
radiated  heat  spend  themselves  as  they  meet  with  reflect- 
ing or  absorbing  bodies,  whereas  gravitation  does  not 
seem  bo  be  affected  by  intervening  or  screening  bodies.' 


'  It  ia  now  known  th»t  thU 
■oreeDing  eSect  exists  likeiiiBe  in 
DUgnetic  and  electric  octioo.  In 
the  formula  which  ezprauea  the 
'"'  '  1  distance  of  magnetic, 
1  pooderable  masses, 


electrical,  i 


«..  /=, 


—5-,  the  older  view— 
0  Faraday's  researches- 


constant,  corresponding  to  the  gra- 
vitation constant.  Aa  atal«d  above, 
the  gravitation  constant  is,  so  far 
a*  we  know,  a  real  constant— >.e.,  it 
[■  not  afiiicted  b;  the  nature  of  the 
medium  which  SUa  the  apace  inter- 
vening between  m  and  «',  the  at- 
tractive masses.  Faraday  doubted 
this;  but  leaving  gravitation — "bh 
»  reUtion  by  some  higher  quality  " 
— aaide,  be  directed  his  efforts  to 
the  testing  of  the  validity  of  this 
view  as  regards  electric  and  mag- 
netic action.  He  found  that  n  u 
not  a  real  oonstant,  but  dependent 
on  the  nature  of  the  medium  and 
the  objects  which  intervene  be- 
twera  the  magnetic  and  electric 
maaiea.  These  researches,  which 
are  probably  the  first  step  in  the 
direction  of  gaining  by  observation 
Bome  notion  of  the  mechanical 
manner  in  which  action  at  a  dis- 
tance is  brought  about,  begin  with 
the  year  18S7  (see  lltb  series  of 
'  Expeiimental  Researches  in  Elec- 
tricity,' No.  1262).  The  result  wsa 
that  the  "  spedflc  electric  induction 
for  difibrent  bodies"  was  estab- 
lished, contrary  to  the  ideM  of 


Poieson  and  others  ('Eiper.  B«.,' 
No.  1167),  and  the  word  "dielec- 
tric" invented  to  denote  the  "action 
of  the  contiguous  particles  of  the 
insulating  medium"  (No.  1168). 
From  this  point  he  was  led  a 
step  farther,  to  ' '  expect  that  all 
polar  forces  act  in  the  same  general 
manner" — vu.,  ir/  contiguous , par- 
ticles. Faraday,  however,  is  care- 
ful to  remark  that  by  contiguous 
particles  be  means  those  "which 
are  next  to  each  other,  not  that 
there  is  no  space  between  tbem" 
(No.  1666). 

In  1838  Faraday  was  still  doubt- 
ful whether  magnetic  action  was 
similar  in  this  respect  to  statical 
electric  action ;  hut  he  thought  it 
probable  that  it  wag  "  communi- 
cated by  the  action  of  the  interven- 
iag  particles"  (No.  17aS),  and  in 
pursuing  this  line  oF  thought,  in 
spite  of  many  unsuccessful  trials, 
he  at  lost  saw  bis  ideas  r«a1ised, 
discovered  the  magnetisation  of 
light,  and  invented  tbe  term  "dia- 
niagnetio"  to  describe  "a  body 
through  which  lines  of  magnetic 
force  are  passing,  and  which  does 
not  by  their  action  assume  the 
usual  magnetic  state"  (1S4S,  'Ex- 
per.  Res.,^  No.  214S).  At  the  end 
of  the  19th  sariea  of  researches  he 
says:  "In  former  papers  (1838)  I 
proposed  a  theory  of  electrical  in- 
duction founded  on  the  action  of 
contiguous  particles,  .  .  .  and  I 
then  ventured  to  suggest  that  prob- 
ably .  .  .  magnetic  action  was  also 
conveyed  onward  id  a  similar  man- 
iter.    At  that  time  I  could  diaoover 
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NeverthelesB,  the  fact  that  gravity,  radiation,  and 
electric  and  magnetic  action  appear  as  central  emana- 
tions, decreafiing  with  the  square  of  the  distance, — two 
properties  which  lend  themselves  to  mathematical  and 
geometrical  representation, — seemed  to  pave  the  way  for 
further  generaUsations.  All  forces  in  nature  were  put 
down  as  central  forces,  either  attractive  or  repulsive,  and 
if  not  following  the  Newtonian  formula,  still  dependent  on 
the  distance  according  to  some  mathematical  expression. 
For  nearly  a  century  theoretical  physics  were  occupied  in 
working  out  the  mathematical  formulas  expressive  of  these 
ideas,  and  Laplace  himself  promoted  these  attempts  by  the 
weight  of  his  great  authority.  We  do  not  possess  the  final 
views  on  this  point  with  which  the  great  mathematician 
intended  to  complete  the  last  edition  of  liis  '  Exposition 
du  Systfeme  du  Monde ' ;  but  some  of  the  later  chapters  of 
this  work,  treating  of  gravitation  and  molecular  attraction, 
show  us  clearly  in  which  direction  he  looked  for  progress 
in  theoretical  physics,' 


3  peculiar  condition  of  the  in 
jniag  or  diamagneUc  m«tter  ;  but 
low  that  we  are  able  to  diBtioguisb 


r  that 


diamagnetica  are  showu 
iodiGferent  bodies,  I  feel  ilill  more 
confideuce  in  .  .  .  asking  wliether 
it  may  not  be  by  the  action  of  the 
contiguoue  or  next  succeeding  par- 
ticles that  the  magnetic  force  is 
carried  onward,"  Ac,  (No.  2443), 
Faraday  also  made  repeated  experi. 
lUents  with  the  view  o(  determiu- 
ing  how  the  force  of  gravitation 
is  cammuDicat«d,  believing  as  little 
as  Newton  did  in  an  attio  i»  diitam, 
and  he  waa  wont  to  quote  New- 
ton's words  on  this  matter,  refer- 
ring also  to  Euler'a  ether  theory 
{No.  3305). 


'  In  the  fifth  edition  of  the  '  Ex- 
position du  Systimedu  Monde'  La- 
place had  Buppreaaed  theee  chapters, 
and  liad  annouDced  hi«  intention 
"to  unite  the  principal  results  of 
the  application  of  aoalyaia  to  phe- 
nomena depending  on  a  molecular 
action  differing  from  untTCrsal  at' 
traction"  into  a  special  treatise 
which  should  form  a  sequel  to  the 
'  EipositioD, '  kc  This  project  was 
never  carried  out  (see  "  avertisse- 

ment  au  sijuftme  ed " 

position'").  The 
attended  Laplace's  attempts  to  ex- 
plain double  refraction  and  aber- 
ration of  light  (following  Newton's 
suggestions  in  the  '  Principia '  and 
'Optics')  as  well  as  capillary  pheno- 
mena (following  Haukesbee)  left  no 
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The  great  prominence  given  by  Laplace  to  the  gravita- 
tional explanation  of  all  natural  phenomena,  the  fact  that 
all  the  observable  movements  of  the  universe,  the  shape 
and  size  of  the  moving  masses,  and  the  orbits  they  de- 
scribe, as  well  as  many  phenomena  observable  on  the 
surface  of  our  globe,  such  as  the  aberration  and  refraction 
of  light,  the  phenomena  of  the  tideB,  of  atmospheric  pres- 
sure, and  some  of  the  more  important  molecular  properties 
of  matter,  could  be  perfectly  or  approximately  described, 
calculated,  and  predicted  by  gravitation  or  analogous  at- 
tractions, gave  to  what  we  may  call — following  a  hint 
of  Clerk  Maxwell's — the  astronomical  method '  of  con- 


d  that  such  phen 


doubt  ii 


repulsive  forcea  between  molecule 
and  molecule"  {'ExpoB.,'  6'"°  ed., 
p.  328).  He  MW  in  moleculw  »t- 
tr&ctioD  the  cause  of  the  solidity  of 
bodies,  of  chemical  afBDitiea,  and  of 
the  propertJeg  of  chemical  satura- 
tioD,  which  Berthollet  had  developed 
about  that  time  ('Expoi.,'  p.  360) ; 
he  thinks  it  likely  that  the  law  of 
molecular  attractioD  is  the  same  for 
all  bodiea,  and  he  finally  dwells  on 
the  queatiou  whether  the  attraction 
of  gravity  aud  molecular  attraction 
could  be  united  under  one  commou 
law  or  expressiou  (p.  SflS),  and 
throng  out  the  idea  Uiat  thus  the 
phenomena  of  physics  and  astro- 
nom;  might  be  brought  under  one 
genn^  law,  adding,  however,  eigni- 
Scantly,  "Hais  1  impcositalitf  de 
connaltre  lea  figures  dee  mol^ulea 
et  leurs  distances  mutuelles,  rend 
ces  explications  vagues  et  inutilea  k 
ravanceraent  dea  sciences." 

'  "  Cavendish,  Coulomb,  and 
PoUsou,  the  founders  of  the  exact 
sciences  of  electricity  and  m^nel- 
ism,  paid  no  regard  to  those  old 
notions  of  'magnetic  effluvia'  and 
'electric  atmospherts '  which  had 


been  put  forth  in  the  previous 
century,  but  turned  their  undivided 
atteutiou  to  the  detenninatiun  of 
the  law  of  force,  aacording  to  which 
electrified  and  magnetiMd  bodies 
attract  or  repel  each  other.  In  this 
way  the  true  lawi  of  theee  actions 
were  discovered,  and  this  was  done 
by  men  who  never  doubted  that 
the  action  took  place  at  a  distance, 
without  the  intervention  of  any 
medium,  and  who  would  have  re- 
garded the  discovery  of  auch  a 
medium  as  complicating  rather 
than  as  explaining  the  undoubted 
pbenomeo*  of  attraction.  .  .  . 
Ampire,  b;  a  combination  of 
mathematical  skill  with  experi- 
mental ingenuity,  &itt  proved  that 
two  electric  currenta  act  on  one 
another,  and  then  analysed  thie 
action  into  the  resultant  of  a 
system  of  push  -  and  -  pull  forces 
between  the  elementaty  parts  of 
these  currents.  .  .  .  Whereas  the 
general  course  of  scientific  method 
then  consisted  in  the  application 
of  the  ideas  of  mathematici  and 
aatmnamy  to  each  new  investiga- 
tion in  turn,  Faraday  seems  to 
have  had  no  opportunity  of  ac- 
quiring a  technical   knowledge  of 
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sidering  nature  a  great  impetus.  Ab  we  have  seen,  it 
wae  entirely  an  outcome  of  Newton's  great  discovery. 
It  is  sometimes  useful  to  distinguieh  between  cosmical, 
j_  molar,  and  molecular  phenomena ;  it  is,  however,  well  to 
note  that  this  distinction  is  a  popular  or  practical,  not  a 
scientific  one.  The  question,  in  how  far  pure  nu^nitude 
affects  the  appearance  and  relations  of  the  parts  or  ele- 
ments of  which  the  universe  is  composed,  is  indeed  of 
great  scientific  interest,  but  it  has  not  yet  received  a 
definite  answer.  In  the  meantime  we  can  use  the  term 
cosmical  for  such  magnitudes  of  space,  mass,  or  time  as 
far  transcend  our  own  powers  of  direct  measurement  by 
•the  foot-rule,  the  balance,  and  the  timepiece,  and  still 
more,  our  powers  of  direct  action  :  those  dimensions  com- 
pared with  which  our  own  homes  and  actions  absolutely 
-disappear.  We  will  call  molar  those  masses  which  we 
«an  handle  directly,  those  dimensions  in  which  we  build 
our  own  homes  and  pass  our  own  lives.  And  we  will 
«all  molecular  those  sizes  and  masses  which  on  the  other 
side  are  so  small  that  the  utmost  powers  of  the  micro- 
scope and  the  dividing  machine  fail  to  make  them  directly 
visible,  still  less  tangible  or  manageable  for  our  active 
powers.  The  lines  which  limit  these  three  r^ons  are 
indeed  neither  fixed  nor  finable ;  the  middle  region,  which 

of  the  learned"  (Clerk  Maxwell, 
"Action  at  a  Distance,"  'Proceed. 
ingB  of  tlie  Royal  Inetitutioa,'  vol. 
riL  Reprinted  in  '  Scientific  Papers,' 
Cambridge,  1S90,  vol.  ii.  p.  317  tq. 
CI.  also  vol.  L  p.  156].  Du  Boia- 
Beyinond  uiea  the  term  "astro- 
Domical  knowledge  "  in  a  Bontewhat 
wider  lenae  in  Ida  discourse  "  Ueber 
die  QreDzeii  dea  NaturerkeanenB  " 
('Beden,'  vol.  i.  p.  120). 


mathenutica,  and  his  knowledge  of 
aatroQomj  was  mainly  derived  from 
books.  .  .  .  Thus  Faraday  vm  de- 
barred from  fallowing  the  course 
of  thought  which  bad  l«d  to  the 
achievementa  of  the  French  philos. 
ophera,  and  was  obliged  to  explain 
the  phenomena  to  himself  b;  means 
of  a  symbolism  which  he  could  un- 
-derstand,  instead  of  adopting  what 
liad  hitherto  been  the  only  tongue 
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we  may  call  our  own  home,  seems  to  be  extending  through 
improved  meane  of  seeing  and  handling ;  still  every  one 
has  a,  vague  notion,  and  Bcience  has  supported  this  notion, 
that  there  are  certain  limits,  marking  the  immeasurably 
lai^  and  the  immeaBurably  small,  which  we  cannot  tran- 
scend. Now  it  is  a  question  of  great  Bcientiflc  interest 
to  what  extent  mere  enlargement,  such  as  the  microscope 
makes  familiar  to  us,  would  essentially  alter  the  behaviour 
and  appearance  of  things  natural.  Would  the  planetary 
or  stellar  aysteme,  reduced  in  size  many  million  times, 
present  an  aspect  similar  to  the  view  we  here  enjoy  of  the 
inanimate  matter  on  the  surface  of  our  earth,  and  would 
the  molecular  structure  of  microscopic  objects,  many  times 
enlai^d,  differ  essentially  from  that  aspect  ?  Our  present 
knowledge  would  lead  ua  to  say  they  would  essentially 
differ.  Certain  phenomena  or  modes  of  motion  seem,  so 
far  as  we  know,  essentially  characteristic  of  the  molecular, 
others  of  the  molar,  others  again  of  the  cosmioal  world.^ 


'  I^place  has  made  a  sigoiScant 
remark  oa  this  paint.  See  '  Kx- 
poaition  du  Syat^me  du  Monde,' 
6  4i.,  p.  319  tq. :  "La  \oi  de  la 
pMtuiteur  r^proque  au  carrd  dea 
diatancea  .  .  .  «at  celle  da  touMa 
lea  ^maoatiooa  qui  partent  d'un 
ceDtre,  telle  que  la  lumiire ;  il  pa- 
mt  mime  que  toutea  lea  forces  dont 
I'actioQ  a«  fait  aperceroir  k  des 
diatancea  aenaibleti,  luivent  catte 
loi :  on  a  rtcoDou  depuis  peu,  que 
lea  attractions  et  lea  rdpulaious 
^lectriques  et  magn^tlques  dHcrois- 
BcDt  en  raison  du  csit^  dea  dis- 
tancee,  ea  aorte  que  toutea  cea 
forces  DC  s'sSaibliBsect  en  ae  pro- 
pAgeantjque  porcequ'elleB  a'^tendent 
comma  la  lumiire  ;  leurs  quantity 
^t«nt  lea  meme*  sur  les  diversea 
BurfaoW  aph^riquea  qua  I'on  pent 


itnaginer  autour  de  leurs  foyera. 
Una  proprMt^  remarquable  de  cetta 
loi  de  la  nature  est  que  si  les 
dimenaions  de  tous  lea  corpa  de  cat 
uuivers,  leura  diatancea  mutuellee 
at  leurs  vitesieH,  venaient  i,  aug- 
menter  ou  i,  diminuer  proportion- 
ellement ;  Ua  ddcriraient  dea  courbes 
entidrement  semblables  k  cellea, 
qu'ila  d&Tivent,  et  leure  apporencea 
aei-aient  eiactement  les  mimes  ;  cor 
les  forcea,  qui  lea  animent,  dtant  le 
rdaultat  d'attractions  proportian- 
ellee  aui  masses  divis^s  par  le  cam! 
dea  distancee,  elles  augmenteraient 
ou  dimiaueraieDt  proportionelle- 
ment  aux  dimensions  du  nouvel 
univen.  On  Toit  en  m^me  tempa, 
qua  cette  propriSt4  ne  peut  apparte- 
nir  qu'ti  la  loi  de  la  nature.  Ainsi, 
lea  apparencea  des  monTement*  d« 
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And  we  cannot  but  be  struck  by  the  fact  that  only  those 
dimensions  which  we  call  molar  appear  to  be  the  abode 
of  living  and  conscious  beings.  The  cosmical  world  has, 
BO  far  as  we  know,  no  inhabitant  which  can  behold  it  in 
the  same  way  as  man  beholds  this  planet,  and  the  same 
obtains  so  far  as  we  are  acquainted  with  the  molecular 
world.  So  far  as  our  knowledge  goes  and  is  likely  ever 
to  reach,  a  special  importance  or  dignity  will  therefore 
always  beloi^  to  molar  dimeneions  and  masses.  The  pro- 
cess by  which  we  try  to  picture  to  ourselves  in  tracings  and 
models,  constructed  in  molar  dimensions,  the  behaviour 
and  appearance  of  cosmical  as  well  as  molecular  masses  will 
always  recommend  itself,  not  only  as  the  most  practical,  but 
likewise  as  the  moat  interesting  and  plausible,  for  only  by 
this  procedure  do  these  unreachable  worlds  become  amen- 
able to  direct  observation  and  to  the  processes  of  experi- 
ment in  the  physical  laborator}'.  It  seems  prirna.  facie 
that  the  wealth  of  phenomena  and  the  variety  of  different 
kinds  of  motion  decrease  as  we  ascend  into  the  cosmical, 
or  as  we  descend  into  the  molecular  world,  giving  way 
in  the  former  to  essentially  uniform,  though  to  many 
times  multiplied  modes  of  motion,  and  disappearing  in 


I'uniTcra  aotA  iad^peodaotM  de  sea 
dimeiMionB  absolueB,  comme  ellei 
le  Bont,  du  mouTement  abaolu, 
qu'il  peut  sToir  dan*  I'eipftce ;  et 
□ouB  lie  pouvons  aburver  Et  con- 
nallra  que  dee  rapports,"  ThiB  is 
easily  Been.  For  if  !□  the  formula 
/=  '  ^  ,  the  dimemrionB  be  all 
multiplied  by  S,  we  get  the  uew 
(ormu!a^=£''-''x-~-,  and  the 
acceleration  of  a  bod;  moving  round 


1  centre  like   the   e 


nould   be 

E  time*  the  acceleration  -,  if 
n  =  2.  In  another  pwMge  LapUce 
repeats  the  above  statement  in 
sligbtlf  diferent  words:  "L'uni- 
vers  r^uit  successivement  jusqu'au 
plus  petit  espace  imaginable,  offiir- 
ait  toujours  lea  mSmes  apparencei 
&  see  observateure  "  (p.  440).  That 
thb  would  not  iipplj  t 
attroctjons  or  repulsioni 


isevident. 
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the  latter  in  stable  and  self-repeating  averages.  Pos- 
sessed therefore,  as  we  seem  to  be,  of  the  greatest  wealth 
and  variety  of  observations  and  notions,  we  may — ^perhaps 
eiToaeously — conclude  that  we  can  graap  the  Ampler 
cosmical  and  molecular  movements  and  phenomena  by 
starting ,  from  molar,  physical,  or  mechanical  models.^ 


'  EnglUh  □atureliets  have  always 
«icelled  in  this  line  of  inveatigation, 
whereas  foreign  •cienti£c  literature 
luu  been  rich  in  purely  mathemaii- 
cal  deductiona  from  fonaulie  which 


eontoined  no  cmutrvirhare  FujtjW' 
lung,  Aod  it  ia  intereating  to  note 
thai  both  lines' of  thought  go  hack 
t«  Newton.  Whereaa  Kewton  him- 
self believed  in  the  pogaibiUty  of  a 
mechanical  eipluiation  or  repmen- 
tAtion  of  the  gravitation  formula, 
the  aacond  edicioa  of  the  'Frin- 
dpia '  bf  Cotes  can  be  looked  upon 
as  sanctioning  the  new  that  gravi- 
tation is  an  ultimate  qualiCj'  which 
must  be  accepted  as  auch  ;  and  aa 
it  waa  the  aecood  edition  through 
which  Newton's  ideas  became  large- 
ly known  on  the  Continent,  it  is 
not  surprieing  that  he  wan  there 
accused  of  reintrodudng  the  quali- 
tatet  oeeuUa  of  the  older  metaphys- 
ics, which  Descartee  and  others  had 
successfully  banished.  Clerk  Max- 
well says  ("Action  at  a  Distance," 
'Sclent.  Pap.,'  vol.  ii.  p.  316): 
"  The  doctrine  of  direct  action  at 
a  distance  cannot  claim  for  its 
author  the  discoverer  of  universal 
gravitation.  It  was  first  asserted 
by  Hoger  Cotea  in  his  preface  to 
the  '  Principia,'  which  he  edited  | 
during  Kewton's  life.  According 
to  Cotes  it  is  by  experience  that 
we  learn  that  all  bodies  gravitate.  I 
We  do  not  learn  in  any  other  way  ' 
that  they  are  extended,  movable,  :' 
or  solid.  Gravitation,  therefore,  ' 
has  OS  much  right  to  be  considered  | 
a  essential  property  of  matter  as  ' 
■  impeoetra-  , 


t1  property 
mobility,  • 


hility.  And  when  the  Newt«niaD 
philosophy  gained  ground  in  Europe, 
It  was  the  opinion  of  Cotes  rather 
than  that  of  Newton  that  became 
moat  prevalent."  In  fact,  pbiloso- 
phera  could  be  dirided  into  two 
classea — those  who  took  the  fact 
of  gravity  or  the  wider  idea  of  a 
universal  attraction  as  a  beginning, 
and  drew  from  this  beginniDg  all 
the  possible  mathematinl  and  ex- 
perimental conaequences  which  they 
could  think  of )  and  those  who, 
whilst  admitting  this  process  as  a 
legitimate  one,  thought  il  neces- 
sary to  go  behind  the  assumed 
beginning  and  find  a  still  more 
hidden  mechanical  reason  for  this 
admitted  property.  To  the  latter 
class  belonged  Newton  himself. 
Buy  gens,  Euler,  and  in  modern 
times  notably  Faraday  and  his  fol- 
lowers ;  to  the  former  class  be- 
longed Daniel  Bernoulli,  who  wrote 
to  Euler,  4th  February  1744,  refer- 
ring to  the  ether  theory  of  the  lat- 
ter ;  "  Moreover,  I  believe  both  that 
the  ether  is  grajrit  vtrttu  taUm  and 
the  air  vtrttu  terram,  and  I  cannot 
conceal  from  you  that  on  these 
poinU  I  am  a  perfect  Newtonian, 
and  1  am  surprised  that  you  ad- 
here so  long  to  the  prinBtpiit  Car- 
letianit !  there  is  possibly  some  feel- 
ing in  the  matter.  If  Qod  has  been 
able  to  create  an  animom  whose  na- 
ture ia  unknown  to  us.  He  has  also 
been  able  to  impress  an  attra/iticman 
univtriattm  mattria,  though  auch  is 
attraetio  mora  eaptwn,  whereas  the 
prineipia  Cartttiami  involve  always 
sometiiing    contra    taptitra"     (sea 
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I  may,  in  paseing,  mention  h^re  that  in  the  coarse  of 
our  century  certain  views  have  been  put  forward  in  pure 
mathematics,  or  rather  in  geometry,  which  make  it  con- 
ceivable, if  not  probable,  that  our  ideas  of  space  might 
not  apply  to  immeasurably  small  or  to  immeasurably 
lai^e  dimensions.^    Should  the  future  progress  of  thought 

Hiethiog,   ' 

AMhpT.      n. 


'L.  Eul^g  Lebre  vom 
Aether,  p.  30).  In  quite  recent 
time*  a  tioiilu'  poution  hu  agun 
been  taken  up  b;  Paul  du  Boii- 
Reymond  in  his  ewaj  "  Ueber  die 
Unbegreiflichkeit  der  Fernkraft," 
in  the  '  NaturwisKDtchftf  Uiche 
Rundschau'  (vol.  iii.  No.  U).  and 
in  hii  poBthuQiQua  work,  'Ueber 
die  QrundJagen  der  Erkenntnisa  in 
den  eiBcten  WissenachafUn  '  (Tii- 
bingen,  1890),  in  which  he  adds 
action  at  a  distance  as  a  third 
"ignorabimuB"  or  unknowable  pro- 
blem to  the  two  given  in  his 
brother  Emit's  address,  "  Ueber  die 
GrenMD  dee  Naturarkennens " 
(187a,  reprinted  in  'Reden,'  vol. 
L  p.  105).  On  the  Continent, 
ftbout  thirty  yean  ago,  the  fruit- 
lessneu  of  pursuing  this  problem 
seemed  general!;  admitted.  Helm- 
holtz  iu  1817  speaks  of  the  initial 
aasumptioD  "  that  all  actions  in  na- 
ture are  to  be  reduced 
and  repelling  forces,  whose 
flity  depends  merely  on  the  distance 
of  points  mutually  actdnf;  on  each 
otlier"  {aclio  in  diitatu),  and  Du 
Boia-Rermood  repeats  this  in  1S71 
in  his  address.  But  it  is  significant 
that  Helmholtz,  who  (through  his 

gave  such  an  impetus  to  the  me- 
clianical  explanations  of  moiecuUkr 
forces,  modified  his  views  on  this 
point  (see  his  address  on  Magnus, 
1871,  'Vortnige  und  Reden,'  vol. 
ii.);  accordingly  in  the  reprint  of 
hie  memoir  of  1847  he  has  accom- 
panied it  with  some  significant  re- 
marks on  the  necessity  of  tliat 
initial  aasumption  (1881,  'Wiasen- 


achaftliche  Abhandlungen,'  vol.   i. 
p.  68). 

'  Reimann  was  probably  the  first 
to  give  eipreaiioQ  to  tlua  line  of 
thought.  His  memoir  on  this  sub- 
ject, "  On  tlie  Hypotheses  which  lie 
■t  the  Foundation  of  Geometry," 
bears  the  date  1854.  It  was  r«ad 
beforo  the  Philosophical  Facility  of 
Odttiogen  in  the  presence  and  at  the 
request  of  Qauss,  on  whom  it  made 
a  profound  impression  (see  the  bio- 

Kphical  notice  on  ReimaDO  by 
tekind,  attached  to  RiemaDn's 
'Gesarameltfl  WerkB,'Leiprig,  1876). 
The  memoir  was  not  published  till 
after  Riemanu's  death  in  1867.  Id 
England  the  Ute  Prof.  CliSfbrd  in- 
troduced the  subject  to  the  Cam- 
bridge Philoeophitil  Society  in  1870 : 
"  The  axioms  of  plane  geometry  are 
true  within  the  limits  of  experiment 
on  the  surface  of  a  sheet  of  papn-, 
and  yet  we  know  that  the  sheet  is 
really  covered  with  a  number  of 
smalt  ridges  and  furrows,  upon 
which  these  axioms  are  not  true. 
Similarly  although  the  axioms  of 
Bolid  geometry  are  true  within  the 
limits  of  experiment  for  finite  por- 
tions of  our  space,  yet  we  have  no 
resaon  to  conclude  that  they  are 
true  for  very  small  portions ;  and 
if  any  help  can  be  got  thereby  for 
the  explanation  of  physical  pheno- 
mena, we  may  have  reason  to  con- 
clude that  tliey  are   r 


p.  21.  Compare  also  his  lectures 
on  "The  Philosophy  of  the  Pure 
Sciences"  in '  Lectures  and  Essays,' 
vol.  i.  p.  2SG  tqg.) 
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or  obaervation  bring  forward  any  indications  that  the 
idea  is  not  only  a  theoretical  possibility,  but  an  actual 
reality,  then  the  mode  of  thought  now  bo  euccessfully 
used — viz.,  that  of  transferring  phenomena  belonging  to 
molar  dimensione,  and  exemplified  in  the  physical  lab- 
oratory, into  cosmic  or  molecular  space  by  a  process  of 
enlarging  or  of  'reducing — would  become  inapplicable. 
Mathematics  indeed  would  not  fail,  but  our  ordinary 
geometry  and  the  physical  model  and  mechanism  would 
fail :  we  should  probably  still  be  able  to  calculate, 
though  not  to  represent,  those  phenomena  of  immeasur- 
able dimeneiOQS. 

As  it  is,  the  first  great  example  of  calculating  and  pre- 
dicting the  phenomena  of  an  unreachable  world  was 
Kewton's  successful  attempt  to  explain  the  movements 
of  the  moon,  and  other  cosmical  bodies,  by  using  the 
phenomena  of  tailing  bodies  on  the  surface  of  the  earth 
described  by  Galileo  and  Huygens ;  and  he  was  rewarded 
by  the  discovery  of  a  nniversal  law  of  attraction,  which  """Sf^^B 
would  probably  never  have  been  discovered  by  experi-  "^'^J- 
ments  carried  on  within  molar  dimensions,  the  mass  of 
the  earth  being  so  immeasurably  greater  than  that  of 
any  molar  masses  under  our  controL  It  quite  escapes 
our  observation  that  in  the  action  and  reaction  of  the 
falling  stone  the  immensity  of  the  earth's  mass  is  com- 
pensated by  the  vanishing  distance  through  which  the 
earth  moves  when  attracted  by  the  stone.  Thus  the 
astronomical  view  came  to  the  rescue  of  physical  or  molar 
experiments,  helped  to  explain  them,  and  indicated  the 
manner  in  which  cosmical  forces  could  be  measured. 
even  on  the  surface  of  the  earth.  The  pendulum  experi- 
'  TOL.  L  Z 
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mecte  of  Eicher,  Hallej,  and  many  otlierB,  the  measure- 
ments of  the  arc  of  the  meridian,  and  Cavendish's  and 
Maskelyne's  experimenta,  were  some  of  the  direct  reeulte 
of  the  discovery. 

It  was  natural  that,  having  explained  the  cosmical,  and 
subsequently  many  terrestrial  phenomena,  successfully  l^ 
the  formula  of  attraction,  Newton  himself,  and  still  more 
Laplace  and  his  school,  should  have  attempted  the  ex- 
planation of  molecular  phenomena  by  similar  methods. 

The  astronomical  view  spread  into  molar  and  molecular 

physics.     Newton  himself  made  use  of  the  notion  of 

■  molecular  attraction  * — i.e.,  of  attraction  existing  only  at 


I  In  the  fourte«nth  tection  o[ 
the  first  book  of  Ihe  'PrincipU' 
Newton  is,  howeTsr,  careful  tospeak 
fclwaye  o(  "attncUo  vel  impuUui," 
leaving  it  open  to  the  reader  to 
form  hii  own  opinion  whether  it  ia 
an  action  at  a  diatance  or  a  "  vis  a 
t«rgo,"  a  piuh.  He  aaja  alio  that 
the  particles  of  light  ftpproaching 
solid  bodies  with  a  definite  velo- 
citj  are  bent,  "quasi  attracti  in 
eadem  (i.e,,  corpora)."  And  in  the 
twenty  -  third  query  to  the  first 
lAtin  edition  of  the  'Opticka' 
(170e}  he  BBye:  "May  not  the 
small  particles  of  bodies  have  oer- 
taio  virtues,  povers,  or  forces  by 
which  they  act  at  some  distance, 
not  only  un  the  raya  of  light,  re. 
fleeting,  refracting,  or  inficcting 
them,  but  also  on  each  other,  pro. 
ducing  various  natural  phenomena  J 
For  it  is  sufficiently  known  that 
bodies  mutually  act  on  each  other 
through  the  attraction  of  gravity 
and  through  msgnetic  and  electric 
virtue.  And  these  eiamplea  show 
what  is  the  order  and  reason  of 
nature,  so  that  it  becomes  very 
probable  that  there  may  be  other 
attractive  forces.  For  nature  is 
very  similai'  and  agreeing  to  her- 


self. Through  what  efficient  cause 
these  attractions  are  brought  about 
1  do  uot  inquire  here.  What  I 
here  c«ll  attraction  may  well  b« 
produced  by  an  impulse  or  in  some 
other  way  unknown  to  ue.  I  take 
this  word  attraction  here  in  this 
way,  that  it  be  understood  merelj 
to  mean  some  universal  force  with 
which  bodies  try  to  approach  each 
other,  whatever  cause  this  force 
may  have  to  be  attributed  t*.  For 
from  the  phenomena  of  nature  it 
behoves  ua  first  to  lie  taught  which 
bodies  attract  each  other,  and  what 
are  the  laws  and  properties  of  this 
attraction,  before  we  inquire  by 
what  efficient  cause  this  attnKtiou 
ia  brought  about.  The  attraction 
of  gravity  and  of  (he  magnetic  and 
electric  virtue  extend  to  sufficiently 
large  distances,  ao  that  they  faU 
under  the  notice  of  the  vulgar 
Bensea ;  but  it  may  be  that  there 
are  others  which  are  contained  in 
Buch  narrow  limits  that  they  have 
BO  far  esfiaped  all  observation." 
And  he  goes  on  to  epeak  of  the  de- 
liquescence of  some  salts  and  of 
chemical  combinations  of  finelj 
powdered  substances.  And  fur- 
ther on  in  the  same  query,  after 
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very  small  distances — to  explain  the  refraction  and  in- 
flection of  light  passing  from  empty  space,  or  from  the 


reCeniDg  to  attractiTe  forc«i  acting 
only  at  uuall  dUtuiceB,  he  pro- 
««ed»:  "And  aa  ia  algebra,  nben 
tbs  poutive  quantitiea  disappear 
and  cease,  amative  quantities  be- 
gin ;  BO  in  mechanics,  where  attrac- 
tioa  stops,  tbere  a  repeUiag  force 
miut  come  io.  But  that  such  a 
foroe  exists,  seems  to  foUow  from 
the  reflection  and  inflection  of  tbe 
rays  of  %ht.  For  tbe  rays  are 
repelled  by  bodies  in  both  theae 
cBs«a,  without  tbe  immediate  con- 
tact of  the  reflecting  or  injecting 
body.  And  if  all  this  is  ao,  then 
tbe  Whole  of  nature  will  be  very 
simple  and  similar  to  herself  ;  per- 
formiug  all  the  great  motiona  of 
tbe  heavenly  bodiea  by  the  attrac- 
tion of  gravity,  which  exists  be- 
tween all  those  bodies,  and  almost 
all  tbe  smaller  motions  of  their 
particles  through  tome  other  at- 
tracting and  repelling  force,  which 
exists  miituall;  between  thou 
particles"  (' Optice,'  uDccVL,  p. 
341).  The  BUggestiaDB  of  Newton 
regarding  forces  of  molecular  di- 
meDBioDs  were  taken  up  by  other 
contemporary  writerB  and  experi- 
mentalists, and  the  '  Philosophical 
Transactions'  during  the  early 
year*  of  tbe  last  century  oontain 
several  memoirs  touching  on  this 
subject,  notably  by  John  Keill 
(1708),  who  refers  to  Newton's 
'  Optickt,'  and  enlargee,  as  does 
also  John  Freind  { '  Preloctiones 
Chymicic'),  on  the  usefulness  c>f  tbe 
idea  of  molecular  attraction  in  ex- 
plaining chemical  and  physiological 
phenomena.  In  the  later  editions 
of  the  '  Opticks,'  evidently  in  con- 
sequence of  the  elaborate  experi- 
ments of  Hauksbee,  Newton  enters 
more  fuUy  into  the  question  of 
molecular,  especially  capillary,  ac- 
tion ;  and  hit  last  quen.  No.  31,  is 
quoted  by  L«plac«  in  bis  '  Thiorie 


de  1' Action  capillaire,'  which  forms 
the  Bupplement  to  the  tenth  book 
of  tbe  '  Micanique  cfleete.'  I  may 
here  mention  that  as  some  confu- 
sion exists  in  the  differeot  editions 
of  the 'Optice' regardiijg  the  num- 
bering of  the  "  Queries.''  it  ia  beat 
to  refer  to  Horaley's  Collected  Edi- 
tion of  the  Works  of  Newton, 
where  the  latest  English  edition  is 
reprinted,  and  all  the  variations 
and  additions  noted  from  the  first 
(English)  edition  through  the  sub- 
sequent ones.  The  flrst  edition 
breaks  off  with  query  16  ;  the  first 
l>atin  one  with  query  23,  and  this 
was  in  later  editions  numbered  31, 
a  number  of  new  queries  being  in- 
serted, Koa.  18  to  24,  referring  to 
the  "  probability  of  a  medium  more 
subtle  than  air "  and  the  ' '  me- 
chanical efficient  of  gravity."  This 
was  added  "to  show"  (Newton's 
words  in  preface  dated  Iflth  July 
1717)  "that  I  do  not  take  gravity 
for  an  eeaential  property  of  bodies, 
.  .  .  choosing  to  propoae  it  by  way 
of  a  question,  because  I  am  not 
yet  satislied  about  it  by  way  of 
experiments."  We  may  note  that 
this  waa  written  a  few  yean  after 
tbe  second  edition  of  the '  Principia ' 
waa  published  by  Cotee,  whose 
prebce  did  a  good  deal  tu  occasion 
tbe  misunderstanding  ngarding 
Newton's  views  on  gravitation  as  a 

friraary  quality  of  matter.  Prom 
ia  correspondence  with  Cotes, 
edited  b;  Eddteaton  (18S0),  we 
know  that  Newton  ia  composing 
the  "  Scholium  generale,"  which  is 
■dded  to  the  second  and  later  edi- 
tions of  the  '  Principia,'  had  in- 
tended to  say  "  much  more  about 
tbe  attraction  of  the  small  par- 
ticles of  bodiea,"  but  that  on  second 
thoughts  be  abandoued  this  inten- 
tion  (p.  147). 
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atmosphere,  into  or  in  the  neighbourhood  of  Bolid  bodies. 
He  conceived  light  to  be  a  material  aubstance,  consisting 
of  minute  particles,  propelled  in  straight  lines  from  the 
luminoua  centres.  These  small  particles,  when  arriving 
at  or  near  the  surface  of  transparent  bodies,  came  under 
the  inflnence  of  an  attraction  from  the  substance  of  such 
bodies,  and  Newton  succeeded  in  showing  that  for  rays 
of  light  which  fall  on  transparent  surfaces  at  an  angle, 
the  path  of  the  ray  in  the  body  would  be  deflected  accord- 
ing to  the  rule  experimentally  determined  by  Snell,  and 
published  by  Descartes.  This  application  of  the  idea  of 
attraction,  or  action  at  a  distance,  to  very  small  or  mole- 
cular dimensions,  required  a  modification  of  the  gravita- 
tion formula.  The  first  who  took  an  important  step  farther 
in  this  direction  was  Francis  Hauksbee.  Between  the 
year  1709  and  1713  he  made  a  series  of  experimenta  on 
what  is  called  capillary  action.  His  experiments  were 
discussed  by  Newton  in  the  later  editions  of  the  '  Opticks,' 
and  followed  by  those  of  Dr  Jurin  in  1718.  Hauksbee, 
Newton,  Jurin,  and  subsequent  writers,  like  Clairaut,  all 
attributed  these  and  similar  phenomena  to  molecular 
attractions,  and  Laplace  showed  that  for  the  mathematical 
treatment  of  the  subject  a  knowledge  of  the  exact  law 
(corresponding  to  the  Newtonian  law  of  molar  attraction) 
was  unnecessary,  but  that  it  was  necessary  and  sufficient  to 
assume  the  existence  of  an  attraction  of  the  molecules  of 
bodies,  which  decreases  very  rapidly  as  their  distances  in- 
crease, "  80  as  to  become  insensible  at  the  smallest  distances 
perceptible  by  our  senses." '     The  phenomena  of  atmos- 

'  S«e  '  MdctuiiquB  celeste,'  vol.  I  tempa,  k  determiner  les  luu  d'kt- 
iv.  (ISOG),  Supplement,  p.  67.  See  tntctioD  qui  rapr^BSntent  cat  phi- 
Btsop.2:  "J'u  cberch^.iljr  along.  |  nom^es:  de  nouvelles  recherchcft 
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pheric  refraction  aa  well  as  those  of  cohesion  and  adheeion 
of  bodies — i.e.,  the  attraction  of  particles  of  the  same  or  of 
different  matter  under  what  is  commonly  called  contact  or 
at  distances  which  we  call  in  science  molecular — were  thus 
submitted  to  calculation,  and  the  results  brought  lately 
into  harmony  with  experience.'  The  problem  presented 
itself  and  occupied  natural  philosophers  all  through  the 
last  century,  whether  a  more  general  law  of  action  at  a 
distance  could  be  found  which  comprised  the  phenomena 
of  molecular  as  well  as  of  molar  attraction. 

The  most  celebrated  attempt  in  this  direction  is  that       as. 

Bowcreleh'i 

of  the  Jesuit  Roger  Boscovich,  who  in  1758  published  an  ^'^■'StS 
elaborate  treatise  on  this  subject.*  iMrommta. 


in  conduit  h  fair«  Toir 
toua  repr^Qt^  par  lei 
mamea  lou  qui  latisfont  aui  phe- 
□om^nesdelardfractioQ,  c'eet-li-dire 
par  lea  lois  dane  lewjuellcB  I'attroc- 
tion  o'eat  sensible  qu  fi  dee  disUnces 
inaeneiblea  ;  et  il  en  r&ulte  une  tbe- 
orie  compldto  de  raotion  c&pillaire." 
'  The  termii  insensible  and  im- 
perceptible, which  u-e  commonly 
used  in  these  discussions,  must  be 
taken  with  caution.  It  is  nnw 
known  that,  though  not  direcClj 
perceptible  or  sensible,  the  distance 
through  which  molecular  action 
takea  place  is  measurable.  PlaWau 
in  Belgium  {1843  and  following 
years)  and  Quincke  in  Oerman; 
(ISS8)  made  eiperiments  on  inde- 
pendent lines,  and  came  to  very 
similar  reHulta.  The  distance  of 
molecular  action  appears  to  be  about 
the  twenty  thousandth  part  of  a 
millimetre.  See  Clerk  Maxwell's 
article  on  Capillary  Action  in  the 
9th  edition  of  the  '  Ency.  Brit.,' 
TepriDt«d  ID  '  Scientific  Paper*,' 
ToL  ii.  ;  also  Violte'i  '  Cours  de 
Physique,'  Oermon  edition,  vol.  L  p. 
591,  Ac;,  and  p.  939. 


'  Boger  Joseph  Boscovich,  of  the 

Society  of  Jesus  (I711-S7),  took  up 
the  ideaa  thrown  out  by  Newton  in 
the  hut  query  lo  the  '  Opticks,'  and 
published  in  175B  at  Vienna  an 
elaborate  treatise  with  the  title 
'  Theoria  Pbilosopbire  Naturalis  re. 
dacta  ad  unicam  legem  virium  in 
Katura  eiisteotium, '  A  second 
edition  was  published  at  Venice  in 
17S3.  His  speculations  begin  with 
the  year  1746,  when  he  hit  upon 
his  general  view  that  all  forces  in 
nature  can  be  reduced  to  the  action 
of  indivisible  and  inexteuded  atoms, 
endowed  with  inertia  and  with  a 
mutual  force  which  at  vanishing 
distances  is  repulsive,  which  at  io- 
eensible  distances  alternates  accord- 
ing to  some  mathemaUcal  formula 
between  repulsion  and  attractjon, 
and,  Gnally,  at  aeneible  distances 
becomes  identical  with  Newton's 
force  of  gravitation.  The  general 
form  of  the  curve  which  exhibits 
this  action  at  a  dutanca  is  given, 
and  the  algebraical  formula  dis- 
cussed, in  the  Supplement.  But 
it  was,  of  course,  impossible  to 
define  the  law  any  further.     The 
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Though  many  of  the  viewa  contained  in  this  treatiae 
were  really  the  Bame  as  those  embraced  by  a  large  school 
of  Contiaental  mathematicisnB  till  far  into  this  centuiy. 


irhols  treatise  is  reallj  more  of  & 
philoiopluc^  tiao  >  matbemnticttl 
or  ezperimeDtal  inveetigatioD.  A 
large  portion  is  Uken  up  in  de- 
fending his  view  against  possible 
objectiuiM,  and  in  showing  how  it 
agrees  with  or  diSen  from  the 
philosophies  of  Leibnii  and  New- 
ton. Whilst  this  treatise  represents 
in  general  a  view  largely  held  by 
Continental  philosophers  of  nature, 
it  does  not  contain  any  new  nuthe- 
matical  methods  such  as  the  '  Frin- 
cipia'  contmned  before  and  La- 
place's 'M^nique cerate'  Ut«r,nor 
does  it  contribute  any  experiments 
auch  as  thoss  works  likewise  con- 
t«ined  and  suggested  to  others. 
In  fact,  it  is  more  a  metaphysical 
than  an  exact  treatjse,  and  as  such 
has  exerted  no  lasting  beneficial 
influence  on  the  progress  of  science. 
"The  eifchteenth  century  made  a 
school  of  science  for  itself,  in  which 
for  the  not  unnatural  dogma  of  the 
earlier  schoolmen,  'matter  cannot 
act  where  it  is  not,'  was  substituted 
the  most  fantastic  of  paradoxes, 
eonlact  doa  not  rxitt.  Bnecovich's 
tlieory  was  the  consummation  of 
the  eighteenth  -  century  achool  of 
physical  science.  This  strange  idea 
took  deep  root,  and  from  it  grew 
up  a  barren  tree,  exhausting  the 
soil  and  overshadowing  the  whole 
Geld  of  molecular  investigation, 
on  which  so  much  unavailing 
labour  was  spent  by  the  great 
mathematjcians  of  the  early  part 
of  our  nineteenth  century.  If 
Boscovich's  theoi7  no  longer  cum- 
bers the  ground,  it  is  because  one 
true  philosopher  required  more  light 
for  tracing  linee  of  electric  force" 
(Sir  William  Thomson's  Lecture 
before  the  Koyal  Inatitutioa,  May 
1880.      Reprinted  in   'Papers  on 


I  Electrostatics  and  Hagnetiam,'  2iid 
ed,,  1S84,  p.  224).  Neverthelees  it 
I  is  extraordinary  t«  note  that  Bos- 
I  CDvich's  theory  was  more  popular 
among  British  than  among  Con- 
I  tinental  physicists.  In  France  the 
I  book  seems  to  have  beeu  little  ap- 
I  pt«ciated,  although  Boecovich  was 
I  well  known  through  his  optical  and 
astronomical  researches  (see  Hontu- 
cla's  '  Histoire  des  Mathematique*,' 
voL  iii.  p.  490,  vol.  iv.  p.  168)  ;  and 
his  diSerences  with  d'Alembert  were 
notorious.  But  French  science  was 
then  occupied  leas  with  metaphysi- 
cal theories  than  with  mathematical 
analysis  and  experimental  research- 
In  Germany  the  book  remained 
unknown,  probably  because  Euler'a 
authority  favoured  an  opposite 
theory.  In  this  country,  however, 
tlie  theoiy  is  often  referred  to  from 
the  tJme  of  Priestley  ('History  of 
Optics')  to  Fanuiay  ("On  the  Na- 
ture of  Matter,"  '  Phil.  Mag.,'  1844, 
vol.  24),  and  more  recently  Thom- 
son (Lord  Kelvin).  The  hat  haa 
probably  more  than  any  other  living 
writer  of  similar  eminence  referred 
to  Boscovich,  whose  theory  he  con- 
siders suggestive,  and  we  are  in* 
debted  to  him  for  the  first  serious 
attempt  to  establish  by  actual  cal- 
culation the  real  capatnlities  of  the 
Boscovich  atoms  in  explaining  the 
properties  uf  chemical  molecules, 
their  stability  and  degree  of  satur- 
ation (see  the  Report  of  the 
British  Association  at  Liverpool, 
189fi).  In  Scotland  Boscovich's 
theoiy  was  fully  discussed  in  a 
poethumouB  article  on  "Corpuscular 
Forces  "  by  John  Robiaon,  Professor 
of  Natural  Philosophy  at  Edinburgh, 


Mechanical  Philosophy '  (Edin  bnrgb, 
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the  book  was  almost  completely  foi^ttea  on  the  Cod- 
tinent.'  No  real  progress  has  indeed  been  made  in  the 
explanation  of  physical  phenomena  by  the  application  of 


1822).     His  '  ElamenU  of  Uechuii- 

col  Philosoph; '  (Edinb.,  1804)  be- 
tray, according  to  Dugald  SWwart, 
"  a  Btroag  Kod  avowed  leaaiDg  to 
the  theory  of  BoBcovich"  (Worki 
by  Hamilton,  vol,  t.  p.  107).  The 
theory  probably  found  favour, 
among  other  reosoDi,  beouu  it 
seemed  to  give  support  to  the  pre- 
valent oorpuecular  theory  of  light, 
which  Euler  apposed,  im  he  did 
simple  action  at  a  distance.  In 
the  Scotch  school  of  pbiloeophy, 
of  which  DugalS  Stewart  was  the 
moat  popular  exponent,  Boeoovich 
was  well  known.  Stewart  refers  to 
him  trequeutly  (Works by  Hamilton, 
vol.  ii  pp.  60,  107,  110,  343  ;  toI. 
iii.  p.  233  !  vol.  v.  p.  93  iqq.  ;  vol. 
vii.  p.  173  iqq.)  He  quotes  Priest- 
ley, Robison,  and  James  Button  as 
foUoware  of  Boscovich,  whilst  his 
own  adherence  is  cei-taioly  very 
qualified,  and  he  makes  a  very 
pertinent  remark  in  his  Introduc- 
tion to  the  '  Elements  of  the  Philo- 
sophy of  the  Human  Hind  '  (17S2) : 
"1  cannot  help  taking  this  oppor- 
tunity of  remarking  that  if  physical 
inquirera  Hhould  think  of  again  em. 
ploying  themselves  in  speculations 
about  tlie  nature  of  matter,  instead 
of  attempting  to  ascertain  its  sen- 
sible properties  and  lavia  (and  of 
late  there  seema  to  be  such  a  ten- 
dency  among  some  of  the  followers 
of  Boscovich),  they  will  soon  involve 
themaelvea  in  an  ineitriisble  laby- 
rinth, and  the  first  principles  of 
phyeics  will  be  rendered  as  mye- 
leriouB  and  chimerical  as  the  pneu- 
matology  of  the  schoolmen  "  (vol. 
ii.  p.  50).  Boscovich  seems  to  have 
been  fond  of  tracing  mathemaljcal 
curves  to  represent  all  kinds  of  pro- 
cesBBS,  such  as  the  intellectual  ad< 
vaucement  of  the  age,  and  he  shows 


graphically  that  this  was  declining 
(Dugald  Stewart's  quotadnn  in  his 

■Dissertation,' Works,  vol,  i.  p.  4BS). 
'  When  Fechner  published  the 
first  edition  of  his  '  Atomenlehre ' 
(lated.,Leipzig,18E5;2nded.,1864), 
he  does  not  seem  to  have  known  of 
Boscovich's  treatise  (see  p.  229  of 
the  Sad  edition),  and  it  was  simi- 
larly unknown  to  the  Dutch  meteor- 
ologist Buys  Ballot,  whose  curves 
of  the  attracting  and  repelling 
forces  of  matter  agree  ali^oat  ex- 
actly with  thoae  of  Boscovich  (see 
'  Fortschritte  der  Physik,"  1849,  p. 
1  iqq.i  also  Roeenberger's  'Oe< 
schiohte  der  Physik.'  voL  iii.  p.  t>36 
Iff.)  In  French  scientific  literature 
the  treatise  of  Boocovich  is  moetly  ig- 
nored—the 'Grande  EncyclopMie' 
does  not  even  gite  Its  title.  In 
fact,  French  sdenoe  does  not  con- 
sider itself  beholden  to  the  cele- 
brated Jesuit  for  what  I  call  the 
aatronoroical  view  of  matter.  See 
St  Venant  in  '  Comptes  Kendus,' 
vol  82,  p.  1223:  "  Plusieuis  auteurs, 
soit  anglais,  soit  allemanda,  dans 
ses  muvres  qui  sont  du  reste  d'upe 
haute  portee,  .  .  .  se  sont  pria  L 
condamnervivement,Bous  le  nomde 
thiarie  dt  Botoovieh,  Don  pas  son 
id£e  capitate  de  reduction  des  atomes 
h  des  centres  d'action  de  forces, 
maig  la  loi  mfime,  la  loi  physique 
genjrale  des  actions  fonctioiis  des 
distances  mutuelles  dea  partjculee 
qui  Ibb  Biercent  r^iproquement  lee 
unes  sui*  les  autres.  Et  ils  attri- 
buent  ainsi  au  cdlibre  religieux 
VerreuT  grave  oi  sont  tombds,  sui- 
vant  eui,  Navier,  Poisson  et  nos 
autres  savants,  crdateun,  il  y  a  un 
demi-slicle,  de  la  m^nique  mol^- 
culaire  on  interne.  Or  cette  loi 
blUm^,  cette  loi  qui  a  6t4,  mise  en 
wuvre  aussi  par  Laplace,  &c,  et 
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BoBcovich's  or  similar  formulae,  though  the  idea  of  action 
at  a  distance  between  the  minute  particles  of  matter  un- 
derlies the  theories  by  which  Poisson,  Navier,  Cauchy, 
Lam^,  and  others  calculated  the  effect  of  elastic  forceB  in 
solid  bodies,  or  the  phenomena  of  light  passing  through 
transparent  and  crystalline  substances.  A  different  school 
of  physicists,  starting  from  ideas  of  a  different  kind,  with 
which  we  shall  become  acquainted  hereafter,  have  shown 
that  specific  notions  as  to  the  molecular  structure  of  bodies 
are  not  required  in  order  to  deal  with  the  phenomena 
referred  to.  Nevertheless,  the  idea  of  action  at  a  distance 
governing  the  movements  of  immeasurably  small,  as  it 
seemingly  does  those  of  immeasurably  lai^  masses  in 
aature,  received  a  great  support  by  the  development  of 
two  other  branches  of  science,  which  belong  essentially  to 
the  history  of  the  present  century. 
Si.  The  sciences  of  electricity  and  m^netism  can  be  said 

meaaure-  to  havc  Originated  with  Coulomb's  accurate  measure- 
ments with  the  torsion- balance.  With  this  instrument 
he  measured  the  attracting  and  repelling  forces  of 
bodies,  electrified  or  magnetised,  by  comparing  them 
with  the  mechanical  forces  required  to  twist  a  metallic 
wira  In  this  way  he  fixed  what  have  ever  since  his 
time  been  termed  the  units  of  electricity  or  magnetism, 
reducing  these  quantities  to  the  same  system  of  measure- 
ment with  which  we  measure  the  masses  or  inertia  of 
KrtMdpdby  nioving  bodies.  His  methods  were  adopted  and  modi- 
w''t^.*°      fied   and   greatly  perfected  by  Gauss  and   Weber — the 

priie  par  Coriolia  et  Poncelet  pour  I   meot  dim  sod  grsnd  et  priocipal 

base   de   la   nzeuiiique    physique,  ouvrage,  msig  danE  ]«  Kholie  g^n- 

n'est  autre  que  cellede  NevtoD  lui-  inl  de  sa  qod   moins  inmorUlle 

mame,  coinioe  on  le  voit  non  aeuie.  |   "Opaque."' 
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former  applying  them  to  the  meaeurement  of  the  mag- 
netic forces  of  the  eaith,  the  latter  to  that  of  the  forces 
exerted  by  currents  of  electricity — i.e.,  by  electricity 
which  is  not  at  rest  but  in  motion.  As  I  have  already 
stated,  the  measurements  of  Coulomb  conlirmed  the 
prevalent  notion  that  action  at  a  distance,  varying 
inversely  as  the  square  of  the  distance,  and  directly  in 
the  proportion  of  the  quantities  of  the  acting  substance, 
was  a  universal  formula  or  law  of  nature.'     The  idea 


'  Coulomb's  exact  meosuremepta 

of  the  ktlroctioD  and  repuliion  M,  a 
diatoDCe  of  electrized  bodies  and  of 
magoeta  were  published  during  the 
;«Bni  178i  to  1780  in  Beveo  mamoire 
preseiited  Ui  the  Paris  Acadeniy  of 
Scieooen.  The;  ore  conveniently 
collected,  together  with  some  otber 
memoii-s  of  Coulomb.  Poiuon,  tmd 
otiier*  on  kindred  Bubjecta,  in  the 
first  volume  of  the  'Collection  de 
Hemoires  relatifs  k  la  Physique.' 
published  in  18S4  by  the  8oci4t£ 
fran^aise  de  Physique.  Coulomb 
made  use  of  the  torsion -balance 
and  the  proof-plsne,  the  actioos  of 
which  he  carefully  eiamined.  He 
aon&nned  the  law,  which  had  been 
vaguely  or  approiiioately  BXpresBed 
by  various  writers  before  him,  that 
electrified  bodies  act  on  each  other 
with  a  force  which  is  proportional 
to  the  inverse  square  of  their  dis- 
tances. This  he  did  by  direct 
meaauremeDta  of  the  repulsion  of 
small  electrified  bodies  id  the  tor- 
sion-baUnoe  (1785,  1st  H^moire). 
He  then  extended  hie  measure- 
ments by  an  mdirect  method  to  i 
the  actioD  of  electrified  bodies  of 
larger  <ir.e  and  to  magnets  (2nd 
H^oire).  He  also  defined  what 
is  meant  by  quantity  and  deostt; 
of  alectrici^  and  magnetism,  and 
ahowed  how  these  could  be  meaa- 
ured  and  how  the  action  of  elec- 
trified bodies  and  magnets  depended   I  obeervation  combined  had  verifiad 


on  the  more  or  lees  of  these  quan- 
tities. Coulomb's  researches  con- 
tain Biperimenta  of  gre«t  delicacy. 
Although  the  laws  which  bear  his 


sent  are  most  complicated,  as  in 
the  case  of  electricity  the  effect  of 
electrical  ioBueQce,  lilled  by  Fara- 
day induction,  and  in  the  caae  of 
magnetism  the  presence  of  the 
earth's  maguetiem,  snd  the  fact 
that  we  hare  never  to  do  with  one 
kind  of  magnetLBio  but  always  with 
two  states,  destroys  all  chance  of  ex- 
hibiting experimentally  the  simple 
case  represented  by  the  mathemati- 
cal formula.  It  was  therefore  ne- 
cessary to  consider  this  formula  aa 
being  merely  a  convenient  descrip- 
tion of  the  elementary  action  of 
supposed  isolated  quantities  of 
electricity  and  maguetism,  and  by 
a  process  of  aummation  to  deduce 
mathematically    the   actual    eSecte 


>   of 


are  actually  observable  in  the  la- 
boratoT^,  It  was  especially  the 
phenomena  of  the  distribution  of 
electricity  on  the  surface  of  elec- 
trified bodies  of  simple  shape  and 
the  distribution  of  magnetic  forces 
in  Che  neighbourbood  of  iflagoets 
which  bad  to  be  calculated  and 
meaeured.  In  physical  astronomy 
"  B  of 


b,Goo(^lc 


862 


SCIENTinC  THOUGHT. 


of  mass,  which  in  the  Xewtoaian  formula  meant  merely 
the  quantity  of  matter,  had  indeed  to  be  enlarged,  and 
to  the  attracting  forces  had  to  be  added  those  of  re- 
pulBiOD ;  still,  though  physically  the  phenomena  were 
entirely  different,  the  mathematical  expression  which 
ruled  the  two  electric  and  the  two  ma{!;netic  quantities, 
usually  termed  Suids,  looked  very  much  like  the  New- 
tonian gravitation  formula :  it  betrayed  philosophers  into 
thinking  they  possessed  an  explanation  where  really  they 
had  only  a  measurement  and  a  description.* 


N«wW)n'B  elementary  Uwotgravita. 
tiOD,  Laplace  u  it  were  summiDg 
up  the  evidence  in  his  (frt&t  work. 
Wh»t  L»place  ijid  tor  Newt«n  wan 
dope  by  Poiuna  for  Coulomb's  ele- 
mentary law  of  electric  and  mag- 
Detic  action,  and  on  a  etill  larger 
■cale  by  Oauu,  who  worked  ou 
the   mathematical  theory  and  ap 

5 lied  it  to  the  case  of  the  magneti 
istribution  on  the  enrtli'«  rnr 
face.  In  Rnglaoi],  already  befure 
Coulomb's  researchea  were  pub- 
lished, Cavendinh  had,  lite  wine  by 
t,  combination  of  experiment  and 
calculation,  eetabliahed  the  elemen- 
tary formulie  and  properliee 
electrical  phenomena.  See  note 
the  following  page. 

■  The  exact  measurement 
Coulomb  and  the  matliematical 
Knalygis  of  Foitvuu  and  OauBS 
auperseded  the  vaguer  dircuisjons 
on  the  nature  of  electricity 
magnetiam  which  were  very  fre- 
quent before  that  period,  just  m 
the  mathematical  priociples 
Newton  and  Laplace  drove  into 
tlie  backgrounil  the  discUBsion  on 
the  nature  and  cause  of  gravity. 
Coulomb  hiouelf  does  not  pmfeu 
to  settle  the  controveray  carried  on 
between  the  two  schools  of  which 
Dufay  and  Franklin  can  be  con- 
sidered aa  the  principal  representa- 


tives—m.,  whether  there  existed 
two  electric  fluida  or  only  one. 
Coulomb  judged  the  rival  views 
simply  as  to  their  uaefulneas  in 
describing  and  measuring  phenom- 
ena.: "CommecesdeuxexplicatioDB 
n'ont  qu'un  degrd  de  probability 
plus  ou  moins  grand  je  pr^viens, 
pour  mettre  la  thSorie  .  .  .  i 
rabridetoutedisputesystdmatique, 
que  daoi  la  supposition  des  deux 
fluidea  ^lectriques  je  n'oi  d 'autre 
intention  que  de  presenter  avec  le 
moins  d'a^meots  possibles,  lee  rS- 
sultAts  du  calcul  et  de  I'expdrience, 
et  non  d'iadiquer  les  v^ri tAbles 
causes  de  I'dtectrioit^ "  ('CollectioD 
de  H^moires,'  vol,  i.  p.  262).  He 
had  previously,  in  1777,  rejected 
the  theory  of  vortices  to  explain 
magnetic  phenomena  :  "  II  semble 
qu'il  rfeulte  de  I'eipirience  que  ce 
ne  Bont  point  des  tourblltonB  qui 
produisent  les  diff4rents  ph^nom- 
^nes  airaantsin^  et  que,  pour  les 
eipliquer,  i1  faut  udoeasaireinent 
recourir  k  des  forces  attraclives  et 
r^pulsives  de  la  nature  de  celles, 
dont  on  est  oblige  de  ee  servir  pour 
expliquer  la  pesanteur  des  cnrpe  et 
la  physique  celeste  "  (vol.  L  p.  8), 
And  in  17Sg  he  is  still  more 
cautious  :  "  Four  ■(viter  toute  dis- 
cussion, j'avertia  .  .  .  que  toute 
hypotb^  d'altraction  et  de  rdpul- 


b,Goo(^lc 


THE   ASTRONOMICAL  VIEW  OF  NAT0BB. 


363 


The  extension  and  confirmation  which  the  Newtonian 
attraction  fonnula  had  thus  gained  in  the  minds  of 
many  eeemed  to  be  entirely  upset  by  a  series  of  dis- 
coveries in  which  electrical,  and  Bubeequently  magnetic, 
phenomena  played  an  important  part.  These  were,  the 
discovery  of  galvanic  electricity  by  Gatvani  in  1791  and 
by  Volta  in  1800;  of  the  physiolt^cal  and  chemical 
effects  of  this  form  of  electricity,  especially  by  Davy 
(1806);  of  the  m^netic  effect  of  moving  electricity  by 
Oersted  in  1820;  of  the  connection  of  best  and  elec* 
tricity  by  Seebeck  in  1822  ;  of  induction  by  Faraday  in 
1831 — i.e.,of  the  action  of  electric  currents  and  magnets 
in  generating  other  electric  currents  or  magnetic  effects 
in  bodies  which  are  moving  in  their  neighbourhood ;  and, 
finally,  of  diamagnetism  by  Faraday  in  1845. 

Many  of  the  celebrated  men  with  whose  names  the  mod-        u. 
ern  discoveries  in  electricity  are  identified,  and  amongst  F«»d»r. 
them  notably  Davy  and  Faraday,  were  not  brought  up 
in  the  mathematical  school  of  the  Continent,'  in  which 


■ion  Buivaot  udc  loi  quelconque  ne 
doit  ftre  regardie  que  comme  une 
formule  qui  eiprime  un  r^ultat 
d'eipfirience  "  (vol.  i.  p.  297). 

'  To  these  must,  be  added  the 
name  of  CaTendieh  (1731-1810), 
wboee  electrical  reeearcbea,  in 
which  he  anticipated  many  of  Cou- 
lomb'* ^e^ult^  proceedad  on  en- 
tirely different  lines  from  those  of 
the  CoDtiD«Dtal  •chool.  He  proved 
—in  or  before  1773— from  the  fact 
that  a  small  glotte  iituated  in  the 
hollow  of  a  larjce  electrified  globe 
and  communicating  with  it  showed 
no  signs  of  electricity,  that  electric 
attraction  and  repulsion  must  be 
inrersely  as  the  square  of  the  dis- 
tance.    In  hii  published  and  post- 


humous papers  (edited  by  Max- 
well in  1879  under  the  title  of 
'The  Electrical  Researchea  of  the 
Ron.  Henry  Cavendiah')  he  auti- 
cipated,  ■■  Maxwell  has  shovn, 
many  later  investigations  of  British 
and  Continental  Hritcrs.  He  had 
a  clear  notion  of  electrical  capacity, 
of  potential  and  of  electrical  resist- 
ance, he  anticipated  Ohm's  law — 
i.e.,  the  proportionality  between 
the  electro -motive  force  and  the 
current  in  the  name  conductor. 
He  studied  tbe  properties  of  diel- 
ectrics, and  "not  only  anticipated 
Faraday's  discovery  of  the  specific 
inductive  capacity  of  different  sub- 
staoces,  but  measured  its  numer- 
ical  value  in   several   subatancet" 


b,Goo(^lc 


364  SCIEKTIFIC  THOUGHT. 

the  astronomical  view  of  phenomena  had  been  establiehed 
and  strengthened  mainly  by  a  development  of  the  New- 
tonian philoHophy.  They  belonged  to  another  school, 
which  approached  that  great  field  of  research  from  the 
purely  experimental  side, — mainly,  so  far  as  Davy  was 
concerned,  from  the  side  of  chemistry,  which,  dealing 
with  the  qualitative,  not  merely  the  quantitative,  proper- 
ties of  matter,  was  at  that  period  almost  entirely  thrown 


(Maxwell's  IntroductioD  to  the 
'  U«eearchea,'  p.  xlix  tqg.)  CaTsn- 
dUh'B  electrical  nork  Kernn  to  have 
remained  unnoticed  abroad.  Cu- 
Tier,  who  fully  apprecjatea  him  aa 
a  pioneer  in  modem  chemiatry, 
does  not  refer  to  his  electrical 
reaearchea,  and  in  Continental 
works  hia  name  is  hardly  men- 
tioned in  connection  with  elec- 
trical scienoe.  He,  however,  clearly 
belongs  to  the  same  lineage  as 
Davy  and  Faraday,  whose  breadth 
of  eaperimental  observation  some- 
what prevented  them  from  full; 
aaaimilatiag  the  resulte  of  Coulomb 
and  his  school,  which  moved  in 
narrower  but  more  precise  liaee. 
If  Cavendish  was  unknown  abroad 
as  an  electrician,  Coulomb  was 
little  known  in  England.  Whewell, 
who  did  more  than  any  other  to 
make  known  the  researches  nf  the 
mathematical  school  (see  hia  article 
in  the  '  ISncycloptedia  Metropoli- 
taoa,'  1826,  and  his  British  Asaoci- 
ation  Report,  1835),  could  state  in  j 
tiie  first  edition  of  his  '  History  of 
the  Inductive  Sciences'  (1837)  that 
"  the  reception  of  the  Coulombiaa 
theory  has  hitherto  not  been  so 
general  aa  might  have  been  reason- 
ably expected  from  its  very  beauti- 
ful accordance  with  the  facta  which 
it  contemplates"  (3rd  ed.,  vol.  iiL 
p.  28).  He  then  reteis  to  the  ex- 
periments of  Snow  Harris.  These  '■ 
experiments,   as   well  as  those  of   1 


Faraday,  carried  on  about  the  same 
time,  d^t  largely  with  the  proper- 
ties  of  dielectrics  and  of  what  we 
now  cal!  the  electric  field,  a  subject 
almost  entirely  neglected  by  the 
matbematical  school  of  that  period. 
It  was  not  till  184S  that  William 
Thomson  (Lord  Kelvin)  cleared  up 

' '  On  the  Mathematical  theoTj  of 
Electricity  in  Equilibrium"  (see 
'Reprint  of  Papers,'  <kc.,  p.  15). 
He  there  refers  lo  the  fact  that 
' '  many  have  believed  Coulomb's 
theory  to  be  overturned  by  the  in- 
vestigations "  of  Hnow  Harris  and 
Faraday,  and  he  therefore  pro- 
poses to  show  that  "all  Che  experi- 
ments which  they  have  made  hav- 
ing direct  reference  to  the  distri- 
bution of  electricity  in  equilibrium 
are  in  full  accordance  with  the 
laws  of  Coulomb,  and  must  there- 
fore be  considered  as  confirmiug 
the  theory"  (p.  18),  He  thus 
brought  together  the  two  inde- 
pendent Hues  of  research  and 
thought,  the  mathematical  and  the 
experimental,  represented  by  the 
school  of  OauBs  anil  Weber  abroad, 
and  by  Faraday  in  England,  and 
Buggeeted  those  further  researches 
of  which  Maxwell's  "Treatise  on 
Electricity  and  Magnetism'  is  the 
great  exponent.  See  the  preface 
to  this  work,  p.  xi,  Jcc,  1873  ;  also 
Maxwell's  '  Scientific  Papen,'  vol. 
ii.  pp.  253,  302,  304. 
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upon  experimental  research.'  ChemiBtry  had  only  just 
entered  the  list  of  the  exact  Bciences,  hy  the  use  of  the 
balance,   largely  owing  to   Lavoisier  and   his  followers. 


'  Although  Faraday's  '  Expsri- 
menlAl  Researchea  in  Electricity' ' 
(1831-S2)  conUiii  moetly  whnt 
checaitts  would  call  "  qualitative  " 
investigation  B  and  oal;  few  exact 
"  quail  titative"  meuuremaaU  — 
forming  in  tliia  reepect  a  veiy 
remarluble  contreet  to  Webers 
'  ElectrodTDamische  Maaabestim- 
uungeD'(IS4S-78)— it  ia  bnpoiiant 
to  reinark  tbat  one  of  th«  methods 
for  exact  measurement  of  the 
electric  current— i-ii,,  by  the  chem- 
ical decomposition  of  compounds 
— was  established  by  Faraday  in 
1S3S  and  1834.  He  shoired  that 
whenever  decomposition  took  place 
the  quantities  decuinpoaed  were  in 
proportion  to  the  amount  of  elec- 
tricity flowing  through  the  circuit 
and  in  proportion  to  the  chemical 
equivalents.  Owing  to  the  want  of 
a  clear  definition  uf  quantity  and 
intenaity  nt  current,  BerzeUus  op- 
poaed  thia  view  of  Faraday's  as 
iUogic*!,  confounding  the  quan- 
tity of  substance  decomposed  with 
the  force  required  to  aet  it  free. 
Clearer  definitions  and  accumu- 
lated experience  have  confirmed 
Faraday's  law,  which  ii  now 
toiiked  upon  as  one  of  the  beat  «■- 
tablished  general  facts  of  chemical 
and  electrical  science.  Somewhat 
earlier  than  Faraday,  Qeorg  Simon 
Ohm  eaUbliahed  (1827,  'Die  Ral- 
T»ai«cb«  Kette,  mathematisch 
bearbeitet')  the  proportionality  of 
the  quantity  of  electricity  passing 
through  ■  circuit  with  the  electro- 
motive  force  in  the  same  conductor, 
introduced  the  notion  of  electrical 
rasislaoce,  and  showed  how  this 
varies  aa  the  length  and  inveraely  as 
the  thickness  of  the  same  conductor, 
and  is  difbreot  in  different  con- 
ductor.    The  accuracy  of  Ohm's 


law,  thou{;h  elaborately  tested  by 
Fechner  and  confirmed  by  Pouillet, 
wBB  frequently  doubted  ;  in  France 
it  met  witli  tardy  recognition,  and 
in  Bngland  some  of  tlia  most  im- 
portant researches— such  as  those  of 
Faraday — were  carried  on  without 
reference  to  it.  In  the  first  edition 
of  Whewell's  History  it  ia  not  men- 
tioned. When  the  second  edition 
was  published  (18471,  Obm  had 
received  the  Copley  Medal  of 
the  Royal  Society  (18(1),  and 
Wheatstone  had  besides  in  the  year 
18*3  drawn  attention  to  the  cleu- 
'hich  Ohm  had  i 


duced.  The  opinion  has  been  ei- 
presaed  that  Ohm  found  his  law  by 
theoretical  considerations  baaed  on 
analogy  with  the  flow  of  hent  in 
conductors,  and  that  be  subse- 
quently proved  it  experimentally. 
The  publication  of  Ohm's  collected 
papers  by  Xximmel  ( '  Geaammslte 
Abhandlungen,'  Leipzig,  1 882),  how- 
ever, disproves  this  opinion  ;  aa  hia 
experimental  raeasuremeDte  had 
during  1825  and  162S — not  without 
some  initial  mistakes — led  him  to 
the  well-known  expreBsioii  of  the 
relations  of  the  ditferent  quantities 
(see  Lummel's  Introduction,  p.  vii). 
Whereas  in  Germany  it  was  a  pure- 
ly scientific  interest—that,  namely, 
n(  subjecting  physical  phenomenal 
to  mathematical  calculation — which 
induced  Ohm,  Qauss,  and  Weber 
to  devise  instrument*  and  methods 
for  exact  measurement,  it  was  in 
England  mainly  the  practical  r«- 
quirementa  of  tel^rapby  which 
created  the  desire  for  clear  defini- 
tions and  exact  methods.  With 
these  requirements  in  view  Wheat- 
atone  invented  his  inatrument«  and 
drew  attention  to  the  definitions  of 
Ohm.    See  hit  Bakeriao  Iiecture  for 
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Yet  the  great  variety,  more  than  the  exact  measurement 
of  phenomena,  attracted  the  attention  of  natural  philoeo- 
phera  in  this  new  field.  And  when  through  Davy,Berzelius, 
and  Faraday  in  different  ways  the  importance  of  electric 
action  in  chemical  proceBses  became  establiehed,  it  was 
natural  that  from  this  school  an  entirely  difFerent  view  of 
electrical  and  magnetic  phenomena  should  emanate :  we 
may  term  it — in  opposition  to  the  aatronomical — the  phys- 
ical view  of  phenomena.  This  view,  which,  as  the  astron- 
omical view  had  done,  found  later  on  its  expresaion  in  a 
mathematical  formula,  will  occupy  our  attention  in  a  sub- 
sequent chapter.  It  has  in  the  course  of  the  second  half 
of  the  century  veiy  lai^ly  expelled  the  other  and  rival 
view  from  the  domain  of  molar  and  molecular  physics. 
But  the  astronomical  view,  with  its  lately  developed 
mathematical  apparatus,  was  not  easily  defeated :  it  was 
quite  able  to  grapple  with  even  such  complicated  processea 
as  the  discoveries  of  Oersted  and  Faraday  had  revealed. 
In  the  opinion  of  many  Continental  thinkers  it  won  its 
greatest  laurels  when,  under  the  treatment  of  Ampere  in 
France  and  of  Neumann  and  Weber  in  Germany,  the 
perplexing    interaetions   of    magnets,    diamagnets,    and 


lS43('Pbil(i».  TminctionB,' 1843, 
p.  803,  &c.) :  "Ad  energetic  tource 
of  light,  of  heat,  uf  chemioJ  action, 
and  of  mechuiicAl  power,  we  onljr 
require  to  know  the  coDditions  ud- 
der  which  ita  rariouH  effects  may 
be  moat  ecoaomically  and  ener- 
geticallf  manifeeted  to  enable  ub 
to  determine  whether  the  high  ei- 
pectstioDB  formed  \a  many  qu&rtcra 
of  some  of  tlieae  spplicationi  are 
founded  on  reasonable  hope  nr  on 
fallacioua conjecture."  Forty  jeare 
later  Lord  KelTin,  in  bii  address 


"  On  the  Electrical  Unit*  of  Meas- 
urement" (18S3  ;  see  'Popular 
Lectures  and  Addreaoea,'  vol  i  p. 
73),  could  still  speak  nf  the  com- 
paratively recent  date  at  which 
"anything  that  oould  be  called 
electric  measurement  had  come  to 
be  regularly  procCiaed  in  most  of  the 
scientifio  laboratories' of  the  world," 
whereas  such  measurement!  hod 
then  been  for  many  years  ' '  familiar 
to  the  electritnana  of  the  submarioe 
cable    factories    and    (estiog   sta- 
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electric  circuits — the  phenomena  of  electro-magnetism, 
diam^netiam,  and  induction — were  all  resolved  into 
elementary  proceasee  of  attraction  and  repulsion,  and 
summed  up  in  a  formula  which  looked  like  an  extension 
of  the  Newtonian  gravitation  formula,  revealing  the 
mysterious  influence  of  molecular  forces. 

"  Oersted  had  found  that  an  electric  current  acts  on  a 
nif^etic  pole,  but  that  it  neither  attracts  it  nor  repels  it, 
hut  causes  it  to  move  round  the  current  He  expressed 
this  "by  saying  that  the  electric  conflict  acts  in  a  revolving 
manner.  The  most  obvious  deduction  from  this  new  fact 
was,  that  the  action  of  the  current  on  the  magnet  is  not 
a  push-and-pull  force,  but  a  rotary  force,  and  accordingly 
many  minds  began  to  speculate  on  vortices  and  streams 
of  ether,  whirling  round  the  current.  But  Ampere,  by  a 
combination  of  mathematical  skill  and  experimental  in> 
genuity,  first  proved  that  two  electric  cui^nts  act  on  one 
another,  and  then  analysed  this  action  into  the  resultant 
of  a  system  of  push-and-pull  forces  between  the  elemen- 
tary parts  of  these  currents." ' 

Weber  in  Germany  took  up  the  work  where  Ampfere 
had  left  it.'      One  of  his  objects  was  to  combine  the 

'  Cl«rk  M»iwell  "On  Action  at      wm  his  eiperimeDtal  invastjgatioi 


a,   Diittuice"   ('ScieiitiGa    Papeni, 
vol.  i).  p.  317). 

'  Weber's  int«rert  was  twofold. 
The  primary  object  was  to  put 
acounla  quantitative  data  in  the 
place  of  merely  qualitative  descrip- 
tions or  mere  estimates  of  pheno- 
mena He  had  then  already  pub. 
lished,  together  with  hi>  brothers 
(see  mpra,  p.  196,  note  3),  two 
works  io  whkh  in  a  similar  way 
t  research  has  taken  the  place 


('Die  Wellenlehre- 
auf  ExperimeiiM  g«^;riiiidet.'  1826), 
the  other  the  still  more  delicate  at- 
tempt to  treat  a  physiological  pheno- 
menon, the  mechaniBm  of  the  or^ni 
of  locomotion,  on  exact  mechanical 
principles  (1836).  This  rare  gift  of 
exactness,  invaluable  at  all  times, 
but  almost  unique  at  that  time  in 
Qemumy ,  where  pbUoaophical  vagu  e- 
ness  was  only  too  common,  attract- 
ed the  notice  of  Oauss,  who  brought 


ot  inexact  description.     The  Srat   i   Weber  to  OotUngen  in  1830  after 
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different  electric  phenomena — those  of  electricity  in  the 
state  of  rest,  called  statical  effects ;  those  of  electric 
currents  on  each  other,  the  dynamical  results ;  and  thoee 
of  electric  conductors  in  a  state  of  motion,  the  pheno- 
mena of  induction — in  one  general  and  fundamental 
formula  or  law.  He  hod  before  him  Coulomb's  electro- 
static formula,  Ampere's  electro-dynamic  formula,  and  a 
more  general  one  established  by  Franz  Neumann,  which 
described  and  embraced  not  only  the  phenomena  dis- 
covered by  Oersted,  but  also  those  of  moving  conductors 
discovered  by  Faraday,  It  is  not  necessary  here  to  enter 
into  the  details  of  the  investigations,  experimental  and 
mathematical,  by  the  aid  of  which  Weber  succeeded  in 
establishing  his  very  remarkable  and  seemingly  all- 
embracing  formula.  Two  remarks,  however,  present 
themselves,  bearing  upon  the  history  of  thought  and  the 
value  of  precise  mathematical  expressions.  The  first  is, 
that  as  the  gravitation  formula  necessitated  a  series  of 
the  most  careful  definitions  and  measurements  of  physical 
quantities,  and  the  invention  of  accurate  instruments  and 
methods  of  measurement,  so  the  first  and  probably  the 
most  valuable  performances  of  Weber  were  his  ingenious 
apparatiis,  and   the  careful  measurements  by  which  he 

bestimmungen '  of  the  endeaTour  to 
determme  natural  phenomeiik  kc- 
cordiog  to  number  and  mouure, 
eipressing  aurpriae  that  this  baa 
not    yet    been    done    in    electro- 


the  death  of  Tobiu  Mayer.  Gausa 
introduced  Weber  to  bU  own  eiact 
meiaurements  of  terrestrial  magnet- 
ism, and  from  henca  Weber'a  own 
line  of  thought  led  through  the 
nbeDomena  of  magneto  -  mduction 
(discovered  by  Faraday  in  1S3I) 
and  terrestrial  magneto- induction 
(1S32)  to  electro  ■  dynamics,  the 
science  which  Ampire  bad  created 
in  the  years  1S20  to  IS23.  In  1840 
Weber  speaks  in  the  introduction 
to  the  '  Eleclro-dynamische  Maaa- 


dynamtcs,  and  then  proceeds  U 
scribe  his  '■  electro-ay namometar,' 
an  instrument  used  by  him  foi 
many  years.  With  this  inetrumenl 
he  then,  further,  proceeds  to  con 
Arm  Amp&re'a  formula  for  the  action 
at  a  distaoce  of   the  elamenta  of 
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fixed  the  eleuentaiy  coaceptions  and  quantities  with 
which  he  operated.  All  his  researches  were  comprised 
under  the  Tei7  significant  title  "  electro-dynamical  mea- 
surements." As  such  they  remain  a  great  monument 
of  ingenuity  and   unparalleled  accuracy.'     The  second 


'  OauM  likd,  wHDe  fears  before 
Weber  commeDced  hii  electrical  re- 
learchea,  introduced  the  idea  of  >a 
*b«>lule  meuure  of  other  than 
mechanical  forcei — t.:.,  following 
up  the  definitian  of  force  in  the 
Newtonian  law*  of  motion,  that  it 
ia  Che  cauM  which  bring*  about  a 
change  oF  motion,  be  suggeeted  that 
every  phyaical  force  can  be  measured 
by  the  Telocity  it  imparts  to  a  mov- 
able body  af  measurable  mass,  the 
quantity  of  mass  being  in  the  same 
locaUty  measured  by  its  weight ; 
and  be  applied  thia  to  the  measure- 
ment of  magnetic  force*.  In  ap- 
plying the  same  idea  to  the  measure- 
ment of  electric  currenta,  Weber 
raune  at  once  upon  the  circumstance 
that  the  forcea  exerted  by  an  elec- 
trie  current  can  be  measured  in 
two  ways — vix. ,  by  the  action  they 
hare  upon  magneta  or  by  that 
which  thay  have  on  other  electric 
curreuta.  Now  by  a  familiar  con- 
ception, electriciani  look  upon  a 
current  of  electricity  as  meaaur. 
able  by  the  quantity  of  electric- 
ity which  flows  through  a  aection 
of  the  circuit  in  a  given  unit  of 
time,  this  quantity  of  electricity 
being  measurable  in  the  aame  way 
aa  Coulomb  measured  the  action 
at  a  distance  of  chained  bodies. 
Should  it  then  be  poaubte  t« 
carry  out  this  latter  measurement 
of  au  electric  current,  a  comparison 
between  the  electro- magnetic  and 
the  known  electro- static  units  of 
electricity  would  become  possible. 
Faraday  had  already,  in  1638  and 
1SS4,  madceetimateaof  the  numer- 
ical relation  of  the  quantity  of 
electricity  in  a  cum 
VOL.  !. 


by  its  chemical  or  electro- magnetic 
effeots,  and  of  the  same  quantity  if 
produced  by  an  electrical  machine. 


twenty  years  later,  in  1866,  reduced 
U>  accurate  measurements  ^  Weber 
and  Eohlrauach.  Through  these 
measurements,  which  confirmed  the 
enormous  numbers  which  are  re- 
vealed when  we  compare  electricity 
at  rest  and  electricity  in  motion, 
Weber  finished  the  series  of  ac- 
curate meaauremenU,  reduced  to 
an  absolute  or  mechanical  standard, 
which  had  been  begun  by  Qauas  in 
1888.  It  was  soon  recognised  of 
what  practical  importance  these 
data  must  be  to  electricians.  Ac- 
cordingly the  British  Association  at 
their  meetingat  Manchester  in  18S1 
appointed  a  committee,  on  the  sug- 
gestion and  under  the  presidency 
of  Sir  William  Thomson,  called  the 
"  British  Association  Committee  of 
Klectrical  Standards."  "  This  oom- 
mittee  worked  for  nearly  ten  years 
through  the  whole  field  of  elecCro- 
magneUc  and  electro-statJc  measure- 
ment, until  in  its  final  report,  pre- 
sented to  the  Exeter  meeting  in 
August  ISSB,  it  fairly  launched  the 
absolute  system  for  general  use" 
(ThomKin,  '  Poplar  Lectures  and 
Addressee,'  vol.  i.  p.  81).  In  recog- 
nition of  Weber's  great  merit  in 
first  introducing  this  system  into 
electrical  science  and  practice,  the 
name  "Weber"  had  I>een  selected 
by  Latimer  Clark  (or  the  unit  of 
current.  In  the  final  fixing  of  the 
units  in  Paris  in  IS81  other  units 
than  those  previously  in  use  were 
adopted,  and  to  avoid  confusion  the 
namea  were  somewhat   difibrently 

2a 
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point  I  wish  to  ut^e  is,  how  in  those  days  the  Newtonian 
formula  was  taken  as  the  great  model  of  a  law  of  nature, 
and  how  the  researches  of  Coulomb,  FoissoD,  Amp^,  and 
Weber  stand  in  logical  connection  with  the  theory  of 
gravitation.  Let  us  see  what  Weber  himself  says  on  this 
subject :  *  "  After  the  general  laws  of  motion  had  fur- 


choaen.  Thia  eiplum  the  fact, 
deplorad  by  Weber's  frienda  and 
admirera,  that  bia  name  haa  dropt 
out  of  tlie  liat  u[  terma  now  adopted 
Ihrougboutthacmliaednorld.  (See 
WiedemaDD,  'Die  Electricitat,' 
BnunKchweig,  1385,  vot.  iv.  p. 
809,  Ac.}  Recently  Prof.  Lodge 
hoa  Buggeeted  the  introductian  of 
the  nftmea  of  Weber  and  GauM  to 
denote  aome  of  the  derived  uaita  io 
the  electrical  meaaurementa.  See 
Brit  Amoc.  Report,  18B6,  p.  IS7  u. 
'  Weber's  theoretical  conception 
of  the  Datura  of  electric  actioa  at  a 
diataoce  is  mixed  up  with  his  exact 
meaHurement*  of  electrical  quanU- 
ties,  though  these  can  be  stated 
without  making  use  of  hia  theoreti- 
cal conceptions.  It  is  the  nature 
of  the  absolute  system  nf  measure- 
ment th&t  it  establishes  numeri- 
cal relations  baaed  upon  a  smftll 
number  of  original  units  (space, 
time,  and  mus,  or  space  nod  time 
alone,  see  note  to  p.  323  above) 
which  are  universally  intelligible. 
Wlifttever,  therefore,  the  theoretical 
views  may  be  which  led  the  inveati' 
gation,  in  the  end  these  are  elim- 
inated in  the  ■ystem  of  original 
(primary]  and  derived  (secondary) 
uniU.  But  Weber's  theory  com- 
mands  attention  for  its  own  sake 
as  the  furthest  Stage  to  which 
the  gravitational  view  of  phenom- 
ena, provisionally  introduced  by 
Newton,  has  lieen  pushed.  It  has 
been  extolled  and  condemned,  ac- 
cording to  the  favour  with  which 
the  purely  mathematical  treatment 
'     '  %  has  been   received. 


In  the  school  of  Laplace  thia  purely 
mathematical  treatment  quite  ob- 
scured all  other  views  which  did 
t.  Thus  Laplace 
the  end  an  adherent  of 
or  corpuscular  theory 
of  light,  and  opposed  the  ideas  of 
Young  and  Fresnel,  who  developed 
the  dynamical  view.  In  order  to 
make  the  coamioal  view  of  nature 
useful  for  the  explanation  of  mole- 
cular phenomaDH,  two  distinct  and 
definite  conceptions,  contained  Id 
the  gravitation  formula,  had  to  be 
modified  and  enlai^.  The  con- 
ception of  matter,  which  in  phyaical 
astronomy  is  limited  to  gravitational 
matter,  had  to  be  extended  so  as  to 
bring  into  calculation  what  was  then 
caJled  imponderable  matter,  such  as 
light,  heat,  and  electricity.  And 
the  law  of  gravitation,  which  deSnes 
the  purely  attractive  property  of 
ponderable  matter,  had  to  be  modi- 
fied so  as  to  embrace  also  the  repul- 
sive action  observable  in  a  certain 
class  of  plienomenu.  Coulomb  had 
shown  that  ponderable  matter 
charged  with  electricity  followed 
the    same   formula    for 


did  :  he  simply  adopted  t 
fluid  theory  of  electric  matter. 
Poisaon  developed  the  mathemaUcs 
of  fluids,  actuated  by  repelling  forces 
depending  on  the  inverse  square  of 
the  distance.  Oersted  showed  the 
action  of  electric  currents  on  mag- 
nets ;  and  Ampere  showed  that 
magnets  can  in  their  action  be  sup- 
planted by  electric  currents.  La- 
place very  early  satisfied  himself  that 
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nished  a  foimdation,  there  remained  in  physics  mainly  the 
investigation  of  the  laws  of  interaction  of  bodies;  for 
without  interaction  bodies  would'for  ever  remain  in  that 
state  of  rest  or  motion  in  which  they  happened  to  be. 


theM  KctioDi  of  poaderabla  m&tter, 
in  which  electricity  wu  Sowing, 
could  bo  reduced  to  an  KctioD  &t  > 
distance  proportional  to  the  invarM 
square  of  the  element*  of  the  electric 
circuite.  When  Faraday  showed 
that  a  current  of  electricity  under 
oertain  condition!  induced  in  con- 
dncton  in  ita  neighbourhood  other 
currenta,  this  was  eiplained  by 
aayinK  that  the  electric  fluid  exerted 
not  only  pondero- motoric  but  also 
electro- motoric  action  atadistance. 
Not  oDly  did  electrified  matter  act 
on  other  electriSed  matter,  but 
electHcitf  as  a  fluid  acted  on  elec- 
tridty  itoelf.  Weber  adopted,  for 
the  purpose  of  putting  theee  ap- 

Cent  actions  into  mathematical 
guaga,  and  for  finding  an  ele- 
mentary law  of  the  ultimat«  par- 
ticles of  electric  matter  out  of 
which  by  summation  the  obsarr- 
able  data  might  be  calculated,  the 
hypothesis  of  Fechner,  aocording  to 
which  in  an  electric  current  the 
two  electric  fluids  were  moving 
with  .  equal  velocity  in  opposite 
directions.  It  then  became  evident 
— looking  at  the  phenomena  dis- 
covered by  Oersted,  Ampire,  apd 
Faraday  —  that  the  electro  -  static 
formula  of  Coulomb  required  to 
be  supplemented  by  an  additional 
term,  if  the  mutual  action  was  to 
be  datermiDBd  not  only  for  the  ca*e 
of  equilibrium  and  rest,  but  also  for 
that  of  relative  motion.  The  ad- 
ditional term,  depending  on  tliis 
relative  motjan,  had  to  be  fouud. 
(See  '  Electrodynamische  Haasbes- 
tjmmungen,'  vol.  i.  p.  102).  From 
this  starting-point,  and  with  this 
definite  problem  in  view,  Weber  un- 
dertook a  series  of  most  valuable 
,    No  doubt  can  exist 


otion  such  results  must  I 
prominent  place  in  the  history  of 
scientific  thought.  And  the  very 
fact  that,  unlike  Boecovich  and 
other  purely  metaphysical  theorists, 
Weber  undertook  to  fix  by  experi- 
ment the  actual  constants  or  nu- 
mericil  quantities  which  his  ab- 
stract formula  contained,  led  to 
much  enlargement  of  actual  know- 
ledge. I  will  mention  only  one 
of  the  most  interesting  points  in 
his  elaborate  researches.  I  stated 
above  that  it  took  a  whole  centui; 
after  the  discovery  of  the  law  of 
gravitation  before  the  gravitation 
constant  waa  approximately  fixed, 
but  that  for  the  progress  of  phy- 
sical astronomy  this  was  of  lit^e 
importance,  gravity  being  a  uni- 
versal property  of  matter.  Still 
such  a  constant  exists,  because  we 
poesees  another  definition  of  matter 

stent  in  Coulomb's  taw  cannot  be 
determined  in  a  similar  manner,  as 
the  property  of  attrac^n  or  repul- 
sion defines  for  as  ultimately  the 
numerical  quantity  of  electricity. 
We  have — so  f  ar^no  other  ultimate 
absolute  measure  of  electricity.  But 
in  Weber's  law  it  was  the  quantities 
of  electrical  matter  which  acted  on 
each  other  not  only  according  to 
their  distances,  but  also  according 
to  their  relative  motion  or  their 
velocities.  A  second  constant  thus 
entered  into  hia  formula,  and  this 
constant  established  a  relation  be- 
tween electricity  at  rest  and  elec- 
tricity in  motion.  This  constant 
waa  a  velocity,  and,  if  determinable, 
it  revealed  a  constant  of  nature  in 
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All  changeB  of  theae  states,  and  all  phenomena  depeu- 
dent  thereon,  are  therefore  consequences  of  these  inter- 
actions. But  bodies  exert  such  mutual  actions  when  in 
contact  as  well  as  from  a  distance,  and  it  was  evident 
that  a  beginning  had  to  be  made  with  the  latter  in 
order  to  gain  a  clue  tor  the  investigation  of  the  former ; 
this  being  especially  needful  whenever  the  spatial  rela- 
tions of  bodies  escape  observation,  as  is  the  case  with 
bodies  which  are  in  contact.  And  so  it  has  really 
happened,  inasmuch  as  s  beginning  was  made  hj  ex- 
amining the  mutual  action  of  cosmic  bodies — i^.,  with 
the  phenomena  of  gravitation.  To  this  first  field  of 
research — viz.,  the  phenomena  of  gravitation — there  was 
then  added  the  investigation  of  electric  and  magnetic 
interactions,  as  next  to  gravitation  these  are  the  only 
actions  which  take  place  from  one  body  to  another  at 
measurable  distances, — these  actions  being  themselves 
measurable.  Now  for  a  long  time  Newton's  doctrine 
of  gravitation  furnished  the  leading  idea  for  nearly  all 
theories  of  electricity  and  magnetism,  till  a  new  clue 
was  gained  through  Oersted's  and  Ampere's  discoveries 

the  form   of  >  velocitj'.      It   htd  '  t&in  conditioos  an  electrical  wave- 

for   Weber   a   theoreticftl   m   well  motion    might   take   pUce    in    bd 

ae  a  practical  meaniog,  for  it  en-  i  electrical  conductor,  and  that  the 

tkbled  him  to  eSect  a  connectioD  :  velocit;  of  the  propag&tion  of  tbia 

beCwecD  the  electro- magnetic  and  I  would  coincide  witli  that  uf  light 

the  electro-static  or  absolute  sjBtem  i  (see  KirchhoS  in  '  Annaleu  der  PI 


of  measuremeDtB.  When  bi 
ceeded  io  meaauring  this  quantity, 
It  wu  found  that  the  Sgure  for  the 
constant,  which  meant  a  velocity, 
was  practically  the  same  a»  that  for 
the  velocity  nt  the  propagation  of 
light.  Weber  himself  does  not  aeem 
to  have  attached  any  physical  mean- 
iDg  to  this  coincidence  :  later  he  and 
EirchhofT  remarked  that  under  cer- 


light 
Phy- 


sik  uud  Chemie,'  18G7;  and  Weber, 
'Electrodyn.  Maaabeet.,'  1864).  It 
was  rescrTed  for  Clerk  Maxwell  to 
point  to  the  real  physical  interpre- 
tation i)f  Weber'a  constant.  Of 
this  I  shall  spenk  io  a  later  cbapt«r 
(see  Maxwell's  memoir  '  On  Physic^ 
Idoes  of  Force,'  1882,  reprinted  in 
'  Scientific  Papers,'  vol.  i. ) 
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regarding  the  equivalence  of  closed  electrical  currents 
with  nif^ete.  This  led,  first,  to  the  reduction  of  all 
magnetic  effects  to  the  action  of  electrical  currents ;  and, 
secondly,  to  the  enunciation  of  a  fundamental  law  of  the 
interaction  of  two  elements  of  electricity  in  motion,  A 
third  leadii^  idea  was  that  of  reducing  the  interaction 
of  all  bodies  to  that  of  the  mutual  action  of  pairs  of 
bodies.  This  idea  could  in  general  be  considered  as 
well  established  and  confirmed  by  experience  on  a  large 
scale." ' 

This  leads  me  to  another  and  a  final  remark  on  the 
view  of  natural  phenomena,  first  introduced  by  New- 
ton's gravitation  formula,  which  has  been  so  success- 
ful  in  the  calculation  of  all  the  movements  of  cosmic        ae. 
bodies,  and  which  in  the  eyes  of  such  a  great  authority  ^"''Tfs 
as  Laplace  contained  the  clue  to  an  explanation  also  of  ^^j^ 
molar  and  molecular  phenomena.^     This  view  calculates 

conceivable  th&t  the  forces  com- 
prised in  the  diacoTei«d  fuado- 
meiiC&l  law  ma;  be  portl;  the 
forces  which  two  electrif^  particles 
eierl  indirectly  on  each  other,  and 
which  therefore  depend  on  the  in- 
torvening medium.  .  .  .  Thegenenl 
law  for  the  determiEiatioD  of  the 
acting  forces  might  perhaps  be  J^et 
more  simply  ezprewed  by  taking 
the  intervening  medium  into  ac- 
count, than  has  been  poasible 
without  it  in  the  fundamental 
law  now  established.  The  explora- 
tion of  the  intervening  medium, 
which  might  afford  an  insight  into 
many  other  matters,  can  alone  give 
an  answer  to  this  question.  ...  A 
hope  now  exists  that  it  will  be 
posnhle,  ia  several  new  ways,  to 
gain  some  information  as  to  the 
neutral  electric  fluid  which  per- 
vades   eT«rytbi]ig.      Perfaap*     in 


'  '  Electrodynatoisohe 
timmungen,'  IS73,  p.  9K. 

^  Although  Weber  followed  the 
lines- so  deeply  impressed  upon  the 
whole  of  ConUn«ntal  thought  by 
the  labours  of  Laptaoe  and  his 
Bcbool,  it  does  not  seem  that  he 
held  the  same  exalt«d  opinion  of 
the  value  of  any  mathematical  for- 
mula as  did  Laplaoe.  Though  he 
looked  upon  his  electro  -  dynamic 
law  as  well  established  by  experi- 
ment and  valuable  in  guiding 
further  lescarch,  he  wad  fully  im- 

iiressed  with  the  fact  that  all  such 
ormulsB  are  merely  provisional. 
Thus  he  saji  in  the  first  part  of 
his  researchea,  written  in  the  year 
1848  :  "  It  seems  to  follow  that 
the  immediate  interaction  of  two 
electrical  particles  does  not  depend 
upon  these  alone,  but  also  upon  the 
preaenoe  of  third  bodie*.  ...  II  is 
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the  actions  of  laige  masses  and  complicated  systems  of 
bodies  by  a  process  of  summation  from  the  interaction  of 
units  placed  in  the  simplest  relation — that  of  two  and 
two,  pushing  or  pulling  each  other  in  a  stra^ht  line. 
Now,  in  consequence  of  the  great  distances  at  which  we 
are  placed  from  the  heavenly  bodies,  these  appear  to  us 
as  mere  points,  and  the  observation  of  their  movements, 
their  orbits,  and  their  periods  enabled  astronomers  like 
Kepler,  and  mathematicians  like  Newton,  to  gain  by  mere 
observation  and  subsequent  calculation  au  idea  of  the 
elementary  rule  which  masses,  considered  to  be  concen- 
trated in  points,  follow  in  their  motion  in  a  connected 
system.  The  next  step  was  to  see  how  these  elementary 
actions  would  add  up  in  cases  where  the  dimensions  of 
the  moving  bodies  were  not  vanishingly  small  in  com- 
parison with  their  distances.  The  infinitesimal  methods, 
invented  in  the  a^  of  Newton,  and  developed  by  bim 
and  others  into  a  special  calculus,  came  to  the  aid  of 
mathematicians,  and  enabled  them  to  calculate  from 
elementary  data  the  motions  and  phenomena  of  extended 
bodies  and  systems  of  bodies.  These  could  afterwards 
be  actually  measured,  thereby  confirming  the  elementary 
formulfe  and  assumptions  which  had  formed  the  basis  of 
those  calculations.     As  already  remarked,  this  process 

other  bodiea,   vhich  are  not  wa-  iog  elher  which  contaias  aud  pro- 

ductars,  there  eiUt,  not  cuireDtii,  pagates  luminoue  Tibratioiu,  or  at 

but  only  vibratione,  which  may  in  least  that  tlie  two  are  m>  intimately 

future  be  obaerred  by  the  methods  coimected  that  the  observation  of 

indicated  abuve.     Further,  I  need  luminous  vibrations  may  afford  some 

ouly  paint  to  Faraday's  recent  dis-  iaformation  regarding  the  proper- 

covery  of  the  influence  of  electric  ties  of  the  neutral  electric  mwJium." 

currents  on  the  vibrations  of  light.  He  then  refers  to  Ampere's  own 

which  makes  it  probable  that  the  suggestion  in  this  direction.    ('Elec- 

all-prevadiug  neutral  electric  medi.  trodynamischeMaasbeetinuaungen,' 

um  itself  conalitutes  the  all-prevad-  Port  I.,  p.  IflS.) 
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of  confirmation  occupied  a  long  period,  during  which  it 
became  more  and  more  Batisfactoiy  and  complete.  In 
fact,  so  great  has  the  coincidence  of  calculation  with 
observation  turned  out  to  be,  in  all  problems  of  physical 
astronomy,  that  no  astronomer  at  the  end  of  this  century  _    to. 

TheK«irt(Ki 

doubts  that  the  gravitation  formula  alone  will  suffice  to  ^CSj^JJ 
explain  all  anomalies  which  stilt  exist  in  great  number  UgJ^,. 
in  the  movements  of  cosmic  bodies — sucli,  for  instance, 
as  the  moon. 

Moreover,  in  the  whole  wide  range  of  physical  and 
chemical,  not  to  speak  of  other  natural  phenomena,  there 
is  probably  no  instance  of  a  simple  mathematical  rela- 
tion having  been  applied  to  so  latge  a  field  of  facts, 
found  80  trustworthy  a  guide,  and  been  so  unfailingly 
verified. 

And  yet  the  veiy  extent  of  this  field  must  not  blind 
us  to  the  fact  that  for  the  explanation  of  molecular' 


'  ThU  u  indeed  not  t«  b«  won- 
dered at  when  we  consider  that  in 
all  molecular  and  molar  phenomena 
auch  aTorietfof  elemeDtBaodforcea 

come  into  play  that  it  it  impoeaible 
to  JHolaM  any  upecial  quantitiee  ai 
we  do  vhen  from  the  coemic  point 
of  view  we  loee  eight  of  e»etytbing 
except  mass,  time,  aad  dietance — 
i.e.,  the  elementary  facton  of  our 
aystem  of  meuurement.  In  tbe 
phenomena  of  electricity,  for  in- 
stance, it  la  merely  by  a  proceai  of 
mental  abatraction,  which  hu  no 
counterpart  in  the  obaervable  phe- 
nomena, that  we  apeek  of  electrical 
maeaea,  be  they  one  or  two ;  of 
fluids;    of    elementa    of    currents, 

of  velocitiee  of  a  Komething  which 
aa  yet  cannot  be  clearly  defined. 
Any  mathematical  formula  can 
under  auch  coaditiona  be  merely 


teutatire,  and  the  preciaenea*  of  it 
must  not  hide  from  u*  the  fact  that 
it  ia  baaed  Upon  hypothetical  rela- 
tione and  artificial  deSnitiona.  This 
woe,  for  the  gain  of  acientiBc 
thought,  very  clearly  brought  out 
in  tbe  theoretical  diacueaiona  which 
followed  upon  Helmholt*'*  critical 
examination  of  Weber'a  and  kindred 
formula,  and  is  well  eipressed  by 
Carl  Neumann:  "Electrical  mat- 
tera" — if  euoh  there  be — "never 
eiiete  eione,  but  only  in  comUtia- 
tion  with  ponderable  matter."  Any 
law  like  that  of  Weber  can  there- 
fore be  merely  a  "particular," not 
a  "fundamental"  or  "univeraal" 
law,  for  it  refere  merely  to  a  email 
portion  of  the  propertiea,  forces, 
and  relatioDB  of  electric  and  pon- 
derable matter,  leaTing  othera— aa, 
for  instance,  those  between  electric- 
ity and  he&t,  electricity  and  light. 
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pheDomena,  or  even  for  such  procesaea  as  happen  coq- 
tmually  under  our  eyes  and  our  hands,  this  universal 
law  of  gravitation  has  practically  done  nothing.  The 
action  of  gravitation  alone  between  masses  which  we 
can  manipulate  directly  is  so  weak  that  it  takes  the  very 
finest  instruments  to  detect  it  at  all,  and  at  molecular 
distances  it  is  so  immeasurably  small  that  it  is  hardly 
conceivable  how  it  can  explain  the  existence  of  those 
enormous  forces  with  which  we  here  have  to  deaL*     If 


&c— more  or  len  in  the  dork  (see 
'  Hftthenutisclw  Anoalen,'  vol.  xL 
p.  323).  From  nphiloeopliickl  point 
of  TteH  these  ditcuuiooB,  in  which 
nuDj-  other  eminent  leaden  of 
MientiSc  thought  (oolc  part,  ore 
of  great  interest  and  importance, 
M  they  bear  upon  the  value  of 
mathematical  (ormulEe  in  physical 
research,  upon  the  delinitioii  of 
lawB  of  nature,  the  ex(«ut  of  their 
applicability,  the  correct  lines  of  fut- 
ure research,  the  uae  of  analogiea  in 
the  formation  of  physical  theories, 
&C.  I  therefore  refer  here  to  the 
literature  of  blie  subject :  Tait, 
'SlielchofTherinodyDamic8'(1868, 
pp.  G7,  7S];  Thomson  and  Tait, 
'Natural  Philosophy'  (Ist  ed.,  p. 
811);  Carl  Neumann,  'Die  Prin- 
cipien  der  Electrodynamik '  (Tiib- 
ingen,  ISSS);  Helmholti  in  various 
memoin  from  1872  onwards,  all 
collected  in  '  Wissenschaf tlicbe  Ab- 
handtungen '  (vol.  i.  pp.  G4S,  636, 
774,  &c.)  and  in  '  Vortrage  und 
Beden '  (vol.  ii.  Faraday  Lecture) ; 
Carl  Neumann,  '  Uathematische 
Annalen'  (vol.  ij.  p.  318).  Se« 
also  Biecke  on  '  Wilhelm  Weber ' 
(ObttiOKeD,  lfl92),and  Clerk  Max- 
well, 'Electricity  and  Magnetism,' 
(vol.  ii.  last  chapter) ;  '  Elementary 
Treatise  on  Electricity '  (p.  51). 

'  An  uit«reating  speculation  as  to 
whether  the  Newtonian  formula  of 
gravitation  is  capable  of  eiplaining 


cohesion  and  capillary  attraction 
will  be  found  in  Thomson's  (Lord 
Kelvin's)  paper  to  the  Royal  Society 
of  Edinburgh  (1862),  and  in  bia  lec- 
ture before  the  Ruyal  Institutiao 
(186S),  on  Capillary  Attraction,  both 
reprinted  in  the  Grst  volume  of 
'  Popular  Lectures  and  Addresaea.' 
He  there  ibows  that  if  we  combina 
Newton's  hiw  with  the  assumptioa 
of  an  ultimate  heterogeneousness  of 
matter, — as  is  demanded  in  the  aO' 
called  atomic  theory  used  in  chem- 
iBtry,^the  mass  of  ultimate  por- 
tions of  matter  at  vanishing  did- 
toncea,  or  what  is  called  in  contact, 
may  give  rise  to  molecular  forces  of 
attraction  of  any  magnitude ;  since 
the  NewMuion  attraction  depends 
on  two  data—the  distance  and  the 
density  (or  mass]  of  attncting  par- 
ticles. He  concludes  by  saying  that 
"it  is  satisfactory  to  find  that,  so 
far  as  cohesion  is  concerned,  no 
other  force  than  that  of  gravitation 
need  be  assumed  "  (p.  S3).  It  doea 
not  seem  that  this  view,  which  was 
also  held  by  Sir  John  Herschel,  is 
generally  adopted  by  pbysicints  (see 
Todhunter  and  Pearson,  'Histor; 
I  o(  the  Theory  of  Elasticity,'  vol.  i. 

■  p.  418,  Ac  J  vol.  ii.  art  1650).  An- 
I  other  interesting  specuUtion  aroae 
I  out  of  the  discussion  over  Weber'a 
I  law.     One  of  the  objections  started 

■  by  r  "  ■  ■      _  ■     

was  that,  under  ci 
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for  the  purpose  of  dlBoovering  the  forces  which  exist  in 
the  universe  between  coBmic  bodies  we  had  been  con- 
fined to  experiments  in  the  laboratory,  as  we  are  in  all 
other  departments  of  physics  and  chemistry,  it  is  very        4l 
doubtful  whether  this  universal  law  of  gravitation  would  ^^^^^ 
ever  have  been  discovered.     And  yet  it  stands  there  as  ^J'^JJ^" 
almost   the   only  formula  universally   applicable   to   all  *^' 
matter  throughout  the  visible  and  tangible  universe. 

In  the  foregoing  pages  I  have  sometimes  spoken  of  this 
great  discovery  of  Newton,  on  which  is  based  the  astron- 
omical view  of  nature,  as  a  formula,  sometimes  as  a  law, 
A  formula  is  merely  the  expression  in  definite  terms  of 
certain  relations  of  measurable  quantities.  By  a  law 
we  are  apt  to  understand  something  more — viz.,  the 
statement  of  some  fundamental,  all-pervading  property 
of  the  things  of  nature,  which,  so  far  as  we  are  con- 
cerned, is  finaL^     Whether  the  human  mind  is  at  all 


tbU  eiprMmon  would  give  an  in-  I 
finite  vkIuc  fur  the  force  betweea  I 
electrical  pu-ticles  m  motion. 
Weber  replied  that  the  aame  argu- 
ment could  be  used  againBl  the 
gratitatiun  formula,  and  hinted  &t 
the  [lomibility  that  a  correciion 
might  have  to  be  added  to  the  Kew- 
(uiiian  formula  to  make  it  appli- 
cable to  molecular  digtuicea  ( '  Elec- 
trod;D.  HaasK/  1871,  p.  60).  Thii 
idea  was  tahea  up  b;  several  Con- 
tinental mathematiinans  (see  Iwn- 
krahe, '  Dai  RiLthBel  von  der  Scbwer- 
kraft,'  p.  S3,  &c.  ;  Paul  du  Boiii- 
Bey mond,  '  Ueber  die  Qrundlageu 
der  Erlteuntniae,'  p.  50  )  Tiaserand, 
■Comptee  Rend  ub,' September  1872). 
'  Helmholtz  aaya,  referring  to 
Weber's  wi-called  law:  "If  we 
are  to  coniider  Weber'g  law  u<  an 
elementar;  law,  aa  an  ezpreaaion 
of  the  ultimate  cause  of  the  phe- 


nomena to  which  it  refen,  and  not 
merely  ae  au  approximately  corrsct 
eipreoaioD  of  facte  within  aarrow 
limitH,  then  we  must  demand  that, 
if  applied  tu  objects  uf  the  largeat 
imagiuable  dimeuHuuB,  it  should 
give  result!  which  are  physically 
puesible"  (1S73,  '  WisaenMbaftliche 
Abbaadlun^n,'voLLp.6S8).  This 
aenleace  raises  a  philosophical  ques- 
tion as  to  the  demands  which  we 
can  legitimately  expect  to  be  satis- 
fied by  any  so-called  law  ot  nature 
expressible  in  the  symbols  of  hu- 
man thought,  be  these  words  or 
algebraic  aigni.  I  venture  to  thiuk 
that  nowadays,  and  largely  in  con- 
sequence of  discussions  similar  to 
those  carried  on  over  Weber's  law, 
physicists  do  Dot  any  longer  expect 
to  And  laws  of  that  genera)  and 
fundamenlAl  character  which  the 
words  given  above  describe. 
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capable  of  finding  out  the  ultimate  properties  of  things, 
18  a  quoBtion  which  baa  been  answered  in  opposite 
ways.  But  whatever  the  answer  may  be  to  this  pbilo- 
eophical  question,  the  further  and  more  modest  ques- 
tion can  be  raised.  Does  the  gravitation  formula  express 
one  of  those  universal  facts  which  we  have  to  accept 
aa  final,  beyond  or  behind  whiob  we  cannot  penetrate  ? 
Opposite  answers  have  been  given  to  this  question.  But 
it  stands  very  much  in  the  same  position  in  which 
Laplace  left  it  when  he  said : '  "  The  extreme  difficulty 
of  the  problem  referring  to  the  system  of  the  universe 
obliges  us  to  have  recourse  to  approximations,  which 
leave  room  for  the  fear  that  the  neglected  quantities 
may  have  a  Beneible  influence  on  the  results,  Aa  soon 
as  mathematicians  by  observation  became  aware  of  this 
influence  they  returned  to  their  analysis :  by  rectifying 
the  same  they  have  always  found  the  cause  of  the  ob- 
served anomalies ;  they  have  determined  the  laws  of 
these,  and  frequently  they  have  outrun  observation  by 
discovering  irregularities  which  had  not  yet  been  ob- 
served. The  lunar  theory,  the  theory  of  Saturn,  of 
Jupiter  and  his  satellites,  offer  many  examples  of  this 
kind.*  Thus  we  may  say  that  nature  herself  has  helped 
in  perfecting  the  astronomical  theories  founded  upon  the 


'  ExpiwitEon  du  Syat^me  du 
Monde/  eth  ed.,  p.  31S. 

'  TiMernnd,  ID  discuuing  the  diffi- 
culties which  Gtill  benet  the  luniir 
theory,  wid  after  referring  t«  the 
"  prii  Demobeau  "  uHered  by  the 
Academy  of  Sciencee  fnr  so  eBBay 
on  this  subject,  says  (' Bulletin 
ftBtronomique,'  1S91,  vul.  viii.  p. 
501):   "La  th^rie  de  la  luae  se 


trouTB  arrjtie  par  la  difficult^  que 
iious  venous  de  diselopper ;  ddji 
k  I'^poque  de  Claireut  la  gravita. 
tiiio  uuivereelle  paraisaait  impuia- 
ssnte  &  eipliquer  le  mouTement 
du  p^rig^;  elle  triomphera  encore 
du  nouvel  obatacle  qui  ae  pr^Dte 
auiourd'hui,  niais  il  reste  jlfoireune 
belle  d^uverte." 
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principle  of  univereal  gravitatioD.  This  is,  is  U17  opinion, 
one  of  the  greatest  proofs  of  the  truth  of  this  admirable 
principle.  As  to  this  principle,  is  it  a  primordial  law 
of  nature  ?  Is  it  only  a  general  effect  of  an  unknown 
cause  ?  Here  the  ignorance  in  which  we  are  as  to  the 
ultimate  properties  of  matter  stops  us,  and  removes  all 
hope  that  we  shall  ever  be  able  to  answer  these  questions 
in  a  satisfactory  manner." 

In  the  meantime,  as  I  have  tried  to  show,  the  olue 
afforded  by  this  principle  has  led  physicists  by  strict 
analysis,  by  observation,  by  cleverly  arranged  experi- 
ments as  well  as  by  guesses  drawn  from  analogy,  to  the 
discovery  of  many  unknown  phenomena,  to  the  fixing  in 
mathematical  language  of  interesting  relations,  and  in 
general  to  a  large  extension  of  the  field  of  natural  know* 
ledge.  No  wonder  that  a  principle  which  has  done,  and 
is  still  doing,  such  valuable  service  in  physical  astronomy 
should  have  done  much  to  establish  the  astronomical 
view  of  nature.'  As  one  of  the  latest  representatives  of 
physical  science  abroad  has  said,  "  The  present  generation 


'  Thia  view  wu  condtely  put  by 
PoiasoD  It  ft  time  when  the  corpus- 
cular theory  of  the  imponder&blea 
— light,  heat,  &od  electricity — etill 
reigned  supreme  iu  the  Coutiueutol 
•uhool :  "Toute*  t«  Mrtiea  ds  lA 
Duti^  aoat  soumisea  i,  deux  sartes 
d'actioDS  mutuellee.  L'une  est  u- 
tractive,  inddpendBDte  de  U  QSlure 
dea  corps,  propartioiiQelledu  produit 
des  muses,  et  ea  nisou  inverse  du 
OUTJ  dea  diBtancea :  elle  e'^tend 
iud^liaimeDt  dans  I'eapace,  ec  pro- 
duit U  peunteur  unireraelle'  et 
tous  les  ph^nomines  d'^uilibre  et 
du  mouvement  qui  aoat  du  re«sort 
de  U  ntiouiique  celeste.     L'autre 


est  attractive  et  repulsive ;  elle 
depend  de  1«  nature  des  particulea 
et  de  leur  quantity  de  chaleur ; 
sou  inteiuit^  dfcroit  trte  repide- 
ment  quand  la  distance  augments, 
et  devisDt  inseiuible,  dia  que  la 
diatance  a  acquis  une  gruideur 
sensible"  ('Journal  del'EcoIe  poly- 
technique,'  cahier  II,  p.  4,  1831). 
See  also  Clerk  Maxwell,  '  On  the 
Equilibrium  of  ElasticSulids '  (1 850, 
reprinted  in  '  Scientific  Papers,'  vol. 
i.  p.30],  wherea  similar  assumption 
is  stated  sa  the  boaia  of  the  mathe- 
matical theories  of  Navier,  PoissoD, 
iam^,  and  Clapeyran. 
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is  still  more  or  less  accustomed  to  thiak  in  the  manner  of 
Newton's  view  of  nature,  in  which  the  supposition  of 
forces  acting  at  a  distance  appears  as  the  most  simple 
view:  we  feel  it  difficult  to  step  out  of  this  circle  of 
ideas," '     Nevertheless,  the  country  itself  which  produced 


1  Eucdt,  '  Die  neuere  Entwick- 
lung  der  ElectrieitaUlehro '  (Berlin, 
1881,  p.  35).  This  habit  ie  prob- 
•bl;  more  marked  oa  the  Continent 
than  in  England.  In  this  country 
the  l»l«r  developmeotB  of  Laplace's 
aatronumical  view  of  nature  have 
remained  unknown  except  to  a  few 
•cientiEoBpecialiBtB.  Through  Fara, 
daj'g  influence,  and  in  consequence 
of  the  backwardness  which  the 
Eniliah  echool  of  scientn  eibilnted 
earl;  in  the  century  in  awimilating 
Continental  ideas  (see  p.  232,  note), 
theoretical  views  on  electricity  aa 
well  as  on  other  forms  of  energy 
were  formed  and  taught  more  in 
conformity  with  ezperimental  ob- 
servation. I  am  not  aware  that 
Weber's  theory  waa  expounded  in 
«ny  English  text-book  or  handbook 
before  Maxwell  referred  to  !t  as  the 
view  to  which  Faraday  and  he  him- 
self were  opposed.  In  fact,  the 
aatrODomical  view  uf  molecular 
physics  is  almost  entirely  of  foreign 
growth.  In  England  "action  at  a 
distance"  is  now  stigmatised  aa  a 
pernicious  heresy  (Tait, '  Properties 
of  Matter,'  2nd  ed.,  1800,  Introduc- 
tion) or  as  unthinkable  (O.  Lodge, 
'  Modem  Views  of  Electricity,' 
1892,  p.  38S,  Ac)  Abroad  weighty 
authoiitie*  have  pronounced  against 
■'■■      "    inoroieal  view  of  nature  aa 

vea  helpful  in  the  present 
physical  and  chemical 
HetmholtE,     who     was 

in  it,  gradually  emanci- 
pated himself,  probably  under  the 
influence  of  physiological  studies ; 
so  did  KirchhofT,  who  in  hia  lectures 
on  Electricity  (edited  by  Phuck, 
1891)  hardly  mentions  Weber's  htw, 


tmined    i 


though  he  liad  previously,  in  IS57, 
baaed  an  elaborate  and  valuable 
investigation  upon  it  ('  Ueher  die 
BeweJ;ung  der  Electricitilt  in  Drah- 
ten,' '  Oesammelte  Ahhandlungen,' 
p.  131,  kc.)  Stilt  more  markod  is 
the  averiioD  to  the  attitude  or 
habit  of  thought  which  belongs  to 
the  astronomical  view  of  nature  r>n 
the  part  of  those  who  approached 
physical  problems  from  the  aide  of 
chemiatry.  Hittorf  (quoted  by 
Lehmann, '  Holecularphysik,'  voL  il. 
p.  15S)  explains  the  opposition  of 
Beiraliua  to  Faraday's  electrolytic 
law  and  to  his  other  results  from 
the  fact  that  they  stood  in  direct 
opposition  to  that  view  "  which  at 
the  end  of  the  last  century  bad 
been  introduced  into  chemistn 
through  the  success  of  Mewton^ 
law  in  astronomy,  and  under  tlie 
influence  of  Laplace  on  Lavoisiev 
and  Berthollet,'  and  sees  the  im- 
portance of  hia  own  laborioua 
researches  in  the  demonstration 
"that  the  mysterious  potentual 
energy  cannot  in  the  case  of  ud- 
combined  chemical  subat«icea  be 
explained  by  the  work  of  attractiva 
forces,"  and  "that  a  confession  o( 
ignorance  in  auch  mattera  is  more 
conducive  to  progress  than  the  as- 
sertion that  every  process  in  nature 
is  easentially  a  phenomenon  of  at- 
traction in  the  Newtonian  sense." 
Of  Ostwald's  endeavours  to  libemte 
theoretical  views  in  chemistry  from 
the  tyranny  of  the  older  hypotheses 
I  shall  have  frequent  occasion  to 
spesk.  His  discourse  '  Die  Energie 
und  ihre  Wandlungen'  (LeipQg, 
1888)  cont^ns  an  expression  of 
0[Hnion  similar  to  those  quoted  here. 
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the  author  of  this  the  astronomical  view  of  nature  has       44. 
also  been  the  birthplace  of  a  difiereat  manner  of  regard-  "^^^JJ*^ 
ing  physical  phenomena.     It  will  be  the  object  of  a  future  ^^^ 
chapter  to  trace  the  origin  and  growth  of  what  I  propose 
to  call  the  physical  view  of  nature.     We  shall  then  learn 
how  the  germs  of  this  different  view  can  be  traced  even 
in  the  writings  of  Newton.     But  before  I  take  up  this 
subject  I  must  deal  with  another  and  independent  way 
of  regarding  nature  which  very  largely  supplemented  the 
astronomical  view.     If  the  Newtonian  gravitation  formula 
is  the  basis  and  principle  of  physical  astronomy — of  our 
knowledge  of  cosmic  phenomena — the  view  I  am  now 
going  to  explain  has  been  equally  useful  in  building  up 
another  most  important  science  of  modem  times — the 
science  of  chemistry. 
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In  the  last  chapter  I  have  shown  how,  under  the  infiuence 
of  the  Newtonian  philosophy,  the  ancient  but  indefinite 
ideas  of  Attraction  and  Repulsion  acquired  a  definite 
meaning,  and  how — at  least  so  far  as  cosmical  phenom- 
ena are  concerned — the  Newtonian  Gravitation  formula 
was  made  the  foundation  of  very  successful  explanations  ^ 


'  I  use  the  ward  explftnation  id 
conforniitj  with  the  popularly  ac- 
cepUd  meaning  of  the  term.  It  U, 
huwereri  well  to  remark  here  that,  in 
the  courw  of  our  centurjr  mid  greatly 
owing  to  the  icSuence  of  the  exact 
adentiSc  spirit,  a  chaoge  is  being 
gradually  introduced  into  language, 
which  will  aasiat  in  conveying  more 
cortect  view*  u  to  the  object*  of 
science.  In  England  the  meta- 
pliyiical  interest  boa  been  ao  long 
banished  from  scientific  literature, 
the  part  alio  which  experiment  and 
observation  have  played  hag  been 
so  great,  that  misunderstandings  as 
to  the  real  objects  of  acjeuce  have 
been  less  frequent  than  abroad, 
especially  in  Qermany,  where  Uie 
metaphysical  or  philosophical  iu' 
terest  still  largely  pervades  scien- 
tific literature,  though  metaphysics 
themselves  ma;  be  on  the  decline. 
There  the  definition  of  the  acieQce 


of  mechanics  (now  more  usually 
termed  dynamics  in  this  country), 
given  by  Kirchhoffinhis  'Vorleenn- 
gen  Uber  mathematische  PhysJk ' 
(vol.  i.  p.  1),  has  marked  quite  an 
epoch  in  the  philosophy  of  the  ex- 
act sciences.  This  definitiun  is  as 
follows  ;  ' '  Mechanics  is  the  science 
of  motion  ;  we  can  assign  as  ita 
object ;  to  describe  completely  and 
in  the  simplest  manner  the  motions 

much  as  a  large  school  of  natural 
philosophers  consider  that  it  is  the 
object  of  all  exact  sciences  to  give 
a  mechanical  explanation  of  natural 
phenomena,  it  would  follow  that 
the  object  of  all  science  is  to  re- 
duce the  phenomena  ot  nature  to 
forms  of  motion,  and  to  describe 
these  completely  and  in  the  simplest 


We 


'   feel  a 
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of  nature.  Towards  the  end  of  the  last  century,  and  all 
through  the  present  one,  this  view  of  things  natural,  which 
I  have  called  the  Astronomical  view,  has  exerted  a  great 
fascination  over  scientific  minds :  especially  in  the  mathe- 
matical schools  of  France  and  the  Continent  it  haa  been 
a  leading  idea  in  scientific  thought.  It  has  been  ex- 
tended into  molar  and  molecular  physics,  and  has  in 
these  led  to  some  very  extraordinary  and  ingenious 
theories.  In  England,  this  astronomical  view  of  Nature 
has,  in  the  course  of  the  present  century,  been  received 


wh«t  hu  beea  done  aiuce  Nei 
in  real  sciencs  will  probablv 
Tincc  U(  that  the  ijeflnition  li 


It  n 


9  the  > 


Ufa 


alysia  of 
appeusDce  in  Bpac«  and  their  ae- 
quBDce  is  time.  Both  on,  in  con- 
«equ«ace  of  the  email  number  of 
elementary  reUtione  on  vrbicb 
arithmetic,  geometry,  and  dynam- 
ica  are  built  np,  be  reduced  to 
— ur  deaoribed  in — ■  amall  num- 
ber of  elementary  tarma  or  concep- 
tiooB,  the  alphabet     '    " 


To  Bhon 


every  m 


e  the 


terma  of  this  alphabet  are  to  be  put 
together,  in  order  to  coireapond  to 
any  phenomenon,  is  all  the  eiplana- 
tion  we  cao  give.  Objectiooa  have 
been  raised  to  Kirchhoffa  definition 
by  Du  Boia-fieymond  ("  Outhe  und 
kein  Ende,"  in  'Beden,'  vol.  i. 
p.  434),  inaamuch  aa  it  doe*  not 
define  the  difference  between  the 
deacriptive  (biatorical)  and  the  ex- 
act (matheoiatical)  aciencee  of  na- 
ture ;  but  the  difference  la  really 
main  Mined  if  we  demand  a  com- 
plete deacriptjon.  Natural  history 
only  afforda  ao  incomplete  deacrip- 
tiou.  Tlie  only  complete  descrip- 
tion ie  that  afforded  by  a  mathe- 
matical formula  in  which  the  cou- 
atanta  are  eupplied  by  observation. 
This  permits  ua  to  calculate  those 


vat  ion  in  apace  or  in  time.  An 
objection  to  the  view  which  identi- 
fiea  phyiics  with  mechanics,  aeems 
implied  in  Hach'a  remarka  con- 
tained in  the  last  chapMr  of  bit 
very  thou|^tful  book  'Die  He- 
chanik  in  ibrer  Entwickelung ' 
(Leipzig,  ISSS).  Aocording  to  hie 
view,  the  aim  of  exact  science  ia 
not  necessarily  to  give  mecbaoica] 
eiptanationa  or  descriptions  of  phe- 
uomena,  inasmuch  as  temperature, 
electric  pot«ntial,  &<:.,  are  just  aa 
simple  element*  of  natural  phenom- 


IlM 


nevertheless,  that  exact  n 
menta  are  only  possible  in  the 
data  of  time  aod  space,  Axsum- 
ing  that  a  complete  and  eimfile 
description— admitting  o(  calcula- 
tion— is  the  aim  of  all  exact  sciente, 
it  ia  evident  how  much  and  how 
little  we  may  expect  from  acience. 
We  shall  not  expect  to  find  the 
ultimate  and  final  causes,  and 
science  will  not  teach  us  to  under- 
stand nature  and  life.  The  search 
after  ultimate  cause*  ma;  perhaps 
be  given  up  u  hopeless ;  that 
after  the  meaning  and  aignificBnce 
of  the  things  of  life  will  never  be 
abandoned :  it  is  the  philoeopbicol 
or  religioua  problem. 
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with  less  favour,  although  it  was  entirely  owing  to 
Newton's  gravitation  formula  that  it  ever  obtained  its 
great  influence,  the  labour  of  Continental  men  of  science 
being  very  largely  spent  in  two  directions :  first,  in  draw- 
ing the  purely  mathematical  consequences  of  Newton's 
formula — in  this  they  have  met  with  increasing  success, 
unparalleled  by  that  in  any  other  domain  of  science; 
and  secondly,  in  extending  the  principle  of  Newton,  by 
experiment  and  analogy,  into  other  departments.  In  some 
of  these,  very  remarkable  results  have  been  achieved ;  but 
nevertheless  at  the  end  of  the  century  no  extension  or 
analogue  of  the  Newtonian  gravitation  formula  has  been 
generally  accepted,  and  it  still  stands  there  as  almost 
the  only  firmly  established  mathematical  relation,  ex< 
presBive  of  a  property  of  all  matter,  to  which  the  pro- 
gress of  more  than  two  centuries  has  added  nothing, 
from  which  it  has  taken  nothing  away.  The  value, 
however,  of  all  those  partial  attempts  in  another  direc- 
tion has  been  enormous ;  for  with  the  aim  of  applying, 
extending,  or  modifyii^  a  rigorous  mathematical  for- 
mula, those  philoBophers  have  carried  out  a  series  of 
the  most  exact  observatioDS  and  measurements  of  physi- 
cal quantities,  very  greatly  extended  our  knowledge  of 
natural  phenomena  and  their  mutual  relations,  and 
founded  that  general  system  of  physical  measurement 
which  is  now  universally  adopted.  The  names  of  Gauss 
and  Weber  stand  out  prominently  as  leaders  in  this 
work.  I  shall  have  to  come  back  to  this  point  later 
on,  after  I  have  shown  that  other  views  of  nature 
besides  the  astronomical  have  also  led  up  to  it,  and 
placed  it  in  similar  prominence. 
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About  a  century  after  the  publication  of  the '  Prinoipia,' 
which,  by  propounding  the  gravitation  formula,  raised  the 
ancient  and  indefinite  notion  of  Attraction  to  the  rank  of 
a  useful  and  rigorously  defined  expreBsion,  another  favour- 
ite theory  of  the  ancient  philosophers '  was  similarly  ele- 
vated to  the  rank  of  a  leading  and  useful  scientifio  idea. 

Although  no  mathematical  relation  equal  in  value  and  i. 
definitenesB  to  the  gravitation  formula  marks  the  intro-  t<w«r- 
duction  of  the  Atomic  theory  in  Chemistry,  it  never- 
theless owes  its  success  to  similar  quahtiee — visi.,  to  the 
fact  that  it  led  natural  philosophers  to  make  definite 
measurements,  and  pnt  exact  research  in  the  place  of 
vague  reasoning. 

The  atomic  theory,  usually  associated  with  the  name 
of  Dalton,  is,  however,  not  nearly  as  much  the  historic 
property  of  that  great  man  as  gravitation  is  that  of 
Newton,  for  whereas  the  latter  gave  the  fullest  gen- 
eralisation that  can  so  far  be  safely  made,  the  atomic 


'  AocieDt  philoaophers  have  fur- 
nubed  ui  with  thne  dirtiucl  ftb- 
■trutions  which  have  survived,  and 
which,  put  into  deSnita  mathenuti- 
okl  Wguage,  have  l«d  «iact  naearch 
in  physics  and  chemistrj  in  modem 
times  — the  theory  of  Attraction 
and  Repulsion,  the  Atomic  Theoir, 
and  the  Kinetic  Theory,  or  the 
notion  that  eveiything  is  motion. 
Of  these  three  theories  the  second 
was  moat  developed  in  antJquity  ; 
Lucretius's  great  poem  on  the  na- 
ture of  things  being  realty  a  treatiaa 
«□  the  Buhject,  in  which  the  atomic 
view  is  placed  in  the  centre,  the  two 
other  ideas  being  Ukewiie  largely 
uUUted.    The  hittorians  of  andiNit 

C"wopby  trace  theee  abstract  or 
ing  idea*  back  to  the  earlier 
Greek  tUnken.     Thua  HeracUtiu 
VOL.  I. 


of  Epheni*  i*  oredited  with  having 
first  taught  that  everything  la  in 
motion.  Empedoclesof  Agrigentum 
made  use  of  the  notioaa  of  Attrae. 
tion  and  Repulsion,  poetioally  re- 
presented as  Love  and  Hatred,  to 
explain  the  action  of  his  elements ; 
and  Democritus  of  Abdara  is  uni- 
vereaily  considered  to  be  the  true 
fouuder  of  the  atomistic  theoiy, 
which  was  adopted  and  developed 
in  the  School  of  Bpicurus,  and  very 
fully  explained  by  the  Roman  poetk 
A  very  good  analysis  will  be  found 
in  Ltmge's '  History  of  Materialism ' 
(Bngli^  translation  hy  Thomaa,  8 
vols.),  in  which  also  the  historical 
connection  with  modem  thought, 
especially  through  Bacon,  Oassendi, 
and    Hobbes,    is   clearly    brought 
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theory  has  been  gradually  defined  and  variously  modi- 
fied in  the  course  of  this  century,  and  ie  still  in  a  some- 
what unstable  condition.  We  are  also  bound  to  attach 
the  greatest  importance  to  the  preliminary  step  taken 
by  Lavoisier,  who  is  even  more  justly  called  the  father 
of  modern  chemistry  than  Kepler  is  called  the  father 
of  modem  astronomy. 

The  exact  claims  of  Lavoisier  to  this  important  place  in 
the  history  of  chemistry  have  been  variously  stated : ' 


'  ContineDtal  writen  tre  pretty 
UDanLmoufl  in  dating  modeni  chem- 
istiy  from  the  time  of  Laioieier 
(1713-17S4).  In  Chia  country  tliere 
hu  been  leaa  unanimity,  tbe  namea 
of  Blttck,  of  CaveDtJieh,  of  Priestley, 
eveD  of  Robert  Boyle,  baling  ucca- 
■ion&lly  beeo  put  forward.  The 
fact  that  LftToiaier  did  not  euffl- 
cieiitly  •cknowiedgeihia  indebted- 
new  to  some  of  hie  Eoglish  cod- 
temporaries  has  ciTcn  occasioD  in 
K>Die  quarten  to  depreciation  of  hie 
merits.  Il  cannot  be  upheld  that 
lie  was  the  first  formall;  to  eiprens 
the  doctrine  of  the  indestructibility 
or  coDserration  of  matter,  as  this 
idea  underlay  many  eiperimentBl 
researches  before  bis  time ;  nor 
that  he  nas  the  first  to  refer  to 
tbe  balance  aa  the  ultimaffl  test 
of  chemical  facta.  The  assertion 
that  he  first  introduced  the  idea 
of  two  different  kinds  of  matter, 
ponderable  and  imponderable,  is 
also  queationable,  and  atJU  more 
■o  hia  claim  to  having  discovered 
oxygen,  the  composition  of  water 
and  of  atmospheric  air,  the  combus- 
tibility of  the  diamond,  and  other 
■pecial  facts.  Hia  fame  reata  upon 
a  much  broader  basia,  and  has 
been  most  clearly  investigated  and 
settled  by  Hermann  Kopp  in  his 
'  Entwickelung  der  Chemie  in  der 
neueren    Zeit'   (HUnchen,    1S73). 


In  this  excellent  work  the  author 
somewhat  modifies  the  view  ho 
took  in  his  earlier  'Oeschichte  der 
Chemie '  (Braunschweig,  1843,  espe- 
oially  ToL  i.  p.  274,  4c),  and  sums 
up  Lavoisier's  merit  in  tlie  follow- 
ing worda  (p.  145) :  "  His  contem- 
piraries  could  dispose  of  the  same 
inherited  and  much  new  material, 
but  not  one  of  them  understood 
how  to  build  up  out  of  this  material 
and  hia  own  independent  reeearchea 
a  chemical  system,  the  reception  of 
which  should  form  the  starting- 
point  for  all  future  improvenaent 
of  this  science.  I^voisier  has  tha 
whole  merit  of  having  achieved 
this.  He  added  to  hia  own  recog- 
nition of  the  correct  views  the  work 
of  procuring  recognition  for  them 
from  others.  He  imparted  hia  own 
matured  views  to  those  who  repre- 
sented chemistry  at  tlie  end  of  the 
last  century.  .  -  .  We  must  measure 
his  greatness  not  merely  by  hia 
own  insight  but  also  by  the  re- 
sistance which  he  bad  to  overcome 
in  other  chemists  who  clung  Ur 
the  older  theory.  Theae  achieve- 
ments are  great  enough  not  to  re- 
quire the  exaggeration  with  which 
they  have  oocasionally  been  an- 
nounced, and  not  (o  be  touched  by 
attempts  on  tbe  other  aide  to  mini- 
mise  them." 
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there  is  however  no  difTerence  of  opinioD  on  this  point, 
that  since  his  time,  and  greatly  through  bis  labours,  the 
quantitative  method  has  been  establiBhed  as  tbe  ultimate 
test  of  chemical  facts ;  the  principle  of  this  method  being 
the  rule  that  in  all  changes  of  combination  and  reaction, 
the  total  weight  of  the  various  ingredients — be  they  ele- 
mentary bodies  or  compounds — remains  unchanged.  The 
science  of  chemistry  was  thus  established  upon  an  exact, 
a  mathematical  basis.  By  means  of  this  method  Lavoisier, 
utilising  and  analysing  the  results  gained  by  himself  and 
others  before  him,  notably  those  of  Priestley,  Cavendish, 
and  Black,  succeeded  in  destroying  the  older  theory  of 
combustion,  the  so-called  phl<^tic  theory.i     From  a 


'  This  reault  was  annouoced  in 
1777  to  the  PaHs  Acadeni;,  And 
the  demunstratioD  campleUd  in  a 
memnir  of  I7BS.  "He  clo«ea  thU 
latter  memoir  nith  the  eiprenion, 
that  his  object  h»il  been  to  bring 
foriiTBrd  Dew  proofs  of  his  theory 
of  combuetion  of  1777.  and  to 
prove  that  Stshl's  phlogistoii  wu 
something  purelj  imaginsry, — that 
without  it  facta  could  be  more 
easily  and  more  simply  expUined 
than  with  It;  he  did  not  expect 
that  his  views  would  be  at  once 
accepted,  .  .  .  time  would  have 
to  confirm  or  to  reject  the  opiniona 
he  had  developed,  but  already  he 
recognised  with  satisfaction  that  un- 
prejudiced students  of  the  acieoce, 
unbiassed  mathematicians  and  phy- 
sicists, believed  no  longer  in  phlo- 
giston as  Stabl  viewed  it,  and  that 
they  considered  the  whole  doctrine 
more  as  a  hindrance  than  as  a  help- 
ful scaffolding  in  erecting  the  edifice 
of  science  "  (Kopp,  '  Eutwiekelung,' 
p,  202).  This  and  the  further  re- 
mark of  Kopp  that  it  was  the 
mathematicians  who  took  up  La- 
voisier's views  (see  ntpni,  p.  115, 


note  2)  are  eignifleant  ligos  of  the 
introduction  of  the  maUiematical, 
the  measuring,  spirit  into  chemistry. 
Few  ideas  which  once  exert«d  so 
great  and  lasting  an  influence  on 
science  as  that  of  phlogiston,  have 
BO  entirely  disappeared  from  our 
teit-books,  and  it  is  interesting  to 
note  that  those  whose  reeearchee 
were  guided  by  it  were  not  so  far 
from  grasping  a  valoable  truth 
as  has  been  supposed.  This  theory, 
elaborated  by  Stahl,  a  coDtem- 
porary  of  Newton  and  Leibnii 
(lSSO-1784},  was  the  tot  attempt 
to  co-ordinate  a  fp'«at  mass  of  ob- 
servations, to  bring  the  phenomena 
of  chemical  change  under  one  com- 
mon principle.  Phlogiston  wai 
the  thing  the  migration  of  which 
gave  rise  to  chemical  change,  and 


s  the  n 


obvioi 


exhibited  in  the  processes  of  com- 
bustion, "  Phlogiston  "  or  "  Brenn- 
stoff"  was  the  name  which  sug- 
gested itself  as  moat  suitable  for 
this  principle.  Chemical  changes 
were  not  to  be  measured  ao  much 
by  the  resulting  change  of  weight 
as   by   the   readiness   witli  which 
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Bcieotifio  point  of  view,  the  principal  defect  in  this  theory 
was,  that  its  ezplanationB  could  not  be  subjected  to  any 
strict  and  exact  numerical  verification.  Whenever  an 
element  enters  into  our  operations  which  has  either  no 
weight  or  a  n^ative  weight,  and  thus  evades  exact  de- 
termination and  control,  explanations  and  observations 
become  v^ue  and  uncertain. 

In  the  time  of  Lavoisier,  and  pre-eminently  through  his 
exertions,  this  vague  and  uDmeasurable  principle  phlo- 
giston was  eliminated  from  the  laboratory  and  the  text- 
books :  quantities  took  the  place  of  indefinable  qualities, 
and  numerical  determinations  increased  in  frequency  and 
accuracy.  The  vague  phlogistic  theory,  which  contained 
a  germ  of  truth,  but  one  which  at  that  time  could  not  be 
put  into  definite  terms,  had  helped  to  gather  up  many 
valuable  facts  and  observations :  these  were  collected  and 
restated  in  a  new  and  precise  language.  It  has  been  said 
that  every  science  must  pass  through  three  periods  of 
development  The  first  is  that  of  presentiment,  or  of 
faith ;  the  second  is  that  of  sophistry ;  and  the  third  is 
that  of  sober  research.     Liebig  states  the  case  somewhat 


Bubatuicea  enter  into  chemical  re- 
KctioD  ;  (wd  the  mobility  or  iDert- 
nesa  of  chemical  aubiitaricea  wu  to 
be  measured  by  the  preseoce  or  ab- 
«eDce  of  a  definite  eomething.  A 
hundred  and  fifty  yeara  after  Stahl, 
science  had  eo  far  advaooed,  that 
beaidee  the  change  of  ireight  or 
maaa,  the  change  of  the  poner 
of  entering  into  chemical  com- 
bination could  also  be  measured, 
and  the  term  "  potential  energy  " 
waa  iotroduced  to  dcKribe  many  of 
tho«e  properties  and  proMsaes  which 
Stahl  had  faatened  upon,  when  he, 
u   the   pioneer,  undertook   to  co- 


ordinate chemical  phenomena.  If 
Stahl  considered  phlf^ton  to  be 
a  subatance,  though  he  did  not  in' 
quire  into  its  mass  or  ponderable 
property,  the  question  might  be 
put  again,  whether  "  energy  "  iit  not 
to  be  couaidered  after  all  as  a  sub- 
aiance.  Cf.  Tait,  'Propertiea  of 
Matter'  (2ud  ed.,  introduction,  es- 
pecially p.  S  197.);  'Recent  Ad- 
vancea  ol  Soience,'  introduction; 
also  Clerk  Maxwell, '  Electricity  and 
Hagnetism'  (last  chapter);  Ost- 
nald,  'Chemische  £nergie'  (Leip- 
zig, 18S3,  p.  il). 
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more  correctly  when  he  says :  "  To  inveetigate  the  essence 
of  a  oatural  phenomenon,  three  conditions  are  necessary: 
We  must  first  study  and  know  the  phenomenon  itself, 
from  all  sides ;  we  must  then  determine  in  what  relation 
it  stands  to  other  natural  phenomena ;  and  lastly,  when 
we  have  ascertained  alt  these  relatione,  we  have  to  solve 
the  problem  of  measuring  these  relations  and  the  laws  of 
mutual  dependence — that  is,  of  expressing  them  in  num- 
bers.  In  the  firet  period  of  chemistry,  all  the  powers 
of  men's  minds  were  devoted  to  acquiring  a  knowledge  of 
the  properties  of  bodies ;  it  was  necessary  to  discover, 
observe,  and  ascertain  their  peculiarities.  This  is  the 
alchemistical  period.  The  second  period  embraces  the 
determination  of  the  mutual  relations  or  connections  of 
these  properties ;  this  is  the  period  of  phlogistic  chemistry. 
In  the -third  period,  in  which  we  now  are,  we  ascertain  by 
weight  and  measure  and  express  in  numbers  the  d^ree 
in  which  the  properties  of  bodies  are  mutually  dependent. 
The  inductive  sciences  begin  with  the  substance  itself, 
then  come  just  ideas,  and  lastly,  mathematics  are  called 
in,  and,  with  the  aid  of  numbers,  complete  the  work."  * 

As  Galileo,  Huygens,  and  Newton,  by  a  series  of  bril- 
liant investigations  and  theories,  such  as  those  of  the  pen- 
dulum, the  fall  of  bodies,  finally  of  universal  gravitation, 
established  the  usefulness  of  the  mathematical  treatment 
of  physical  phenomena,  so  Lavoisier  and  his  school  proved 
the  correctness  and  usefulness  of  their  views  by  the  new 
theory  of  combustion,  as  consisting  in  the  combination  of  « 
a  special  body  or  element  called  oxygen  with  other  bodies 
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or  elements.  A  very  large  field  of  research — all  on  the 
lines  pointed  out  by  the  new  echool — was  opened  out.  But 
the  age  for  a  further  application  of  mathematical  reason- 
ing came  mnch  more  slowly  in  chemistry  than  in  physical 


The  latter  had  at  least  one  great  department,  in  which 
a  small  number  of  factors,  all  admitting  of  mathematical 
accuracy — those  of  distance,  mass,  and  motion — sufficed 
'  to  explain  the  phenomena,  at  least  if  viewed  from  a  great 
distance.  This  science  is  the  physics  of  the  heavens,  the 
science  of  cosmic  phenomena.  On  this  earth — in  physical 
and  still  more  in  chemical  phenomena — the  matter  stood 
very  differently.  Here  we  have  not  to  deal  with  a  few 
measurable  quantities  only.  A  large  number  of  elements 
or  factors,  of  which  only  very  few  can  be  accurately 
measured,  combine  to  make  up  what  we  called  in  the  last 
chapter  molar  and  molecular  phenomena.  In  the  study 
of  inanimate  nature,  astronomy — the  mechanics  of  the 
heavens — deals  with  the  simplest  relations ;  chemistry — 
the  science  of  the  changes  which  bodies  undergo  when 
being  combined  or  separated — deals  with  the  most  com- 
plicated side  of  reality.  Physics  occupy  an  intermediate 
position,  and  thus  we  can  also  trace  in  the  history  of 
physical  research  the  twofold  influence  of  the  astronomical 
method  of  inquiry  on  one  side,  and  the  chemical  on  the 
other. 

But  the  general  rule,  that  in  chemical  changes  the 
weight  of  all  the  constituents  put  together  never  changes, 
was  not  the  only  numerical  relation  which  came  to  the 
aid  of  students  of  nature,  when  they,  at  the  end  of  the  last 
century,  betook  themselves  to  exact  measurements  and 
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determinatioDB.  That  rule  is  indeed  the  foundation  of  all 
work  in  the  laboratory,  the  principle  which  decides  the 
degree  of  accuracy  attained  in  every  analysis,  and  which 
not  infrequently  is  the  only  method  of  deCermimng  the 
presence  of  some  undiscovered  constituent.'      Not  long 


'  Ths  revolution  in  cbemiatTf  at 
theeod  of  the  liut  century  muiifesta 
iteelf  in  nothing  more  thui  in  the 
vnrioui  dutinct  problenks,  corre- 
Bponding  to  different  courwl  of 
«cieDti6c  thought  and  different  in- 
tereats,  which  have  guided  chemical 
research  aince  that  time.  The  Grat 
de&nil«  object  oat  the  search  after 
the  real  elements,  the  ittempt  to 
decompoie  the  exlBting  substances 
of  nature  into  their  ultimate  con- 

ntion  somewhat  pushed  into  the 
background  the  theoretical  inTesti- 
g&tiooB  regarding  the  forms  of  the 
combiuatione  of  the  various  ele- 
ments into  compounds,  still  more 
the  study  of  chemical  affinity.  A 
second  definite  object  was  the  de- 
velopment at  the  theory  of  combus- 
tion which  Lavoisier  propounded, 
and  the  confirnjation  or  refutation 
of  the  idea  according  to  which 
oxygen  occupied  almost  as  import- 
ant a  position  in  chemioil  reactioua 
as  phlogiston  had  dune  before.  A 
third  deiiniteobject  was  the  develop- 
ment uf  analytical  chemistry,  the 
systematic  and  methodical  use  of 
the  balance.  So  far  as  the  Grat 
branch  of  this  pursuit  was  con- 
cerned, lAvaisier'a  catalogue  of  the 
elements  was  still  very  incomplete  ; 
it  contained  thirty-three  members, 
including  light  and  beat,  and 
twenty-three  of  the  substances 
which  now  figure  in  the  list  of  the 
seventy  elements  enumerated  in  the 
t«it-books  ;  the  alkalies  and  earths 
were  still  considered  to  be  simple 
bodies.  A  great  additiou  to  our 
knowledge  in  this  department  came 


through  Davy's  decomposition  of 
soda  and  potash.  And  after  hi« 
proof  of  the  elementary  nature  of 
chlorine  the  oxygen  theory  of  La- 
voisier luid  also  to  be  greatly  modi- 
fied. "Through  a  series  of  most 
important  inveatigatians,  he  rose  in 
the  beginning  of  this  century  to 
such  eminence,  that  he  was  then 
considered  to  be  the  first  represen- 
tative of  chemical  science.  Witli 
great  experimental  ability  he  com- 
bined a  singular  freedom  from  all 
the  theoretical  doctrines  which  were 
recognised  in  hisage"(Kopp, 'Ent- 
wickeluag  dor  Chemie,  p.  4!>1).  In 
this  he  resembled  Dalton  and  Fara- 
day and  other  natural  philoeophera 
in  this  couDtiy,  on  whom  theoretical 
notions  formed  in  the  Continental 
schools  had  little  or  no  influence. 
Qualitative  analysis  was  less  indebt- 
ed to  Lavoisier  than  other  branches 
of  tJie  science  were.  In  fact,  it  vrw 
more  at  home  in  Sweden  and  Ger- 
many, where  the  interests  of  miner- 
alogy and  metallurgy  promoted  it. 
Bergmann  and  3cheele  in  Sweden, 
Elaproth  in  Berlin,  were  the  fore- 
runners of  Benelius  and  of  the 
Berlin  school  of  analysts.  In  this 
country  Black  and  especially  Caven- 
diah  had  carried  out  some  important 
quantitative  determinations,  the  ac- 
curacy of  which  seems  very  far  be- 
hind modem  standards  (see  Kopp, 
'  CJeschiohW  der  Chemie,"  vol.  IL  p- 
70,  &c,  1844).  It  was  the  iotioduc- 
tion  of  the  notion  of  chemical  equi- 
valence, a  term  used  ah-eady  by 
Cavendish,  which  furnished  the 
ultimate  test  for  accuracy  and  re- 
volutionised quautjtative  aoalysi*- 


b,Goo(^lc 


892  SCIBNTIFIC  THOUOHT. 

before  the  age  of  Lavoisier,  another  general  conception 
had  been  introduced  into  chemical  research ;  this  was  the 
rule  of  definite  proportions — i.e.,  the  fact  that  subetances, 
whether  simple  or  compound,  combine  only  in  definite 
proportions  of  their  weight,  and  that  the  numbers  marking 
these  proportions  are  characteristic  of  every  definite 
chemical  snbstance.  It  took  some  time,  nearly  a.  century, 
before  this  idea,  which  arose  through  the  examination  of 
neutral  salts  and  the  determination  of  the  quantities  of 
acids  and  alkalies  which  were  wanted  to  efikit  mutual 
saturation,  became  clear ;  before  the  rule  of  definite  pro- 
portions was  generally  established,  becoming  a  guide  for 
chemical  analysis.  It  is  interesting  to  note  how  the 
vaguer  terms  of  chemical  affinity  and  elective  attraction, 
of  chemical  action,  of  adhesion  and  elasticity — mostly 
borrowed  from  other  departments  of  science  where  they 
had  definite  meanings — gradually  disappeared,  when  by 
the  aid  of  the  chemical  balance  each  simple  substance 
and  each  definite  compound  began  to  be  characterised, 
and  labelled  with  a  fixed  number.  Nevertheless,  even  at 
the  beginning  of  this  century,  eminent  chemists  were  still 
so  much  engaged  in  discussing  the  rival  claims  of  the  old 
phlogistic,  and  the  modern  theory  of  combustion,  of  Ber- 
thollet's  chemical  equilibrium,  of  the  so-called  dynanucal 
and  the  electro-chemical  views  of  phenomena,  that  the  first 
methodical  attempt  actually  to  fix  these  numbers — i.e.,  to 
give  a  table  of  chemical  equivalents — remained  unnoticed.' 

'  The  hUtor;  of  cbemiatr;  early  I  doctrine  of  chemic&l  affinitiea,  waa 

JD  thU  century  fumiiheB  a  good  ex-  evidently  much  influenced  by  the 

ample  of  tlie  sway  which  theoretical  mathemnticiJ  theory  of  kttraction, 

viewaeieroiaedDTerthemindaof  in-  |  and  by  the  mechiDicalhtws  of  equi- 

veatigators.    BerthoUet,  who  b^an  |  libriuni,  which  formed  ao  prominent 

by  critically  eiuniniug  Bergmann'a  :  a  aubject  of  ioveitigaUon  in   Ute 
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The  merit  of  having  made  this  attempt  belongs  to  one 
who  approached  chemistry  entirely  from  the  mathematical 
side,  who  wrote  the  first  chemical  book  with  a  title  point- 
ing directly  to  measurements,  but  who  perhaps  spoilt  his 
work  by  giving  way  to  the  fascination  which  r^ular 
numerical  and  geometrical  arrangements  have  again  and 
^sin  exercised  over  philosophical  inquirers.  Jeremias  t. 
Benjamin  Kichter — a  name  possessed  of  no  popular  cele-  Rx^tar. 
brity — published  in  1792  to  1794,  in  three  parts,  hia 
"  Stoechiometry,  or  the  art  of  measuring  chemical  ele- 
ments."*    From  his  data,  Fischer  calculated  in  1802  the 


writiogi  of  Liplace  aod  big  achool. 
Chemical  offinit;  wu  lo  be  oo- 
ordinated  with  what  he  called  aatro- 
nomical  attraction  ;  both  were  to 
be  uitimately  the  same  phfiical 
property ;  the;  acted  differently, 
because  ■□  the  caae  of  Eraiibation 
the  dimeDsions  irere  so  Targe,  that 
tlie  form,  diatancea,  and  peculiar 
propertieg  of  the  molecules  had  no 
inSuence.  It  was  an  attempt  to 
introduce  the  aatronomical  view  of 
matter  into  molecular  physics,  and 
to  base  chemistry  upon  thii  view. 
BerthuUet  adhered  to  the  corpus- 
cular theoiy  of  heat  against  Bum- 
ford,  who  had  just  propounded  his 
opinion  that  heat  ia  not  ■  consti- 
tuent part  of  bodies  ;  and  he  main- 
tained that  chemical  affinity  was  a 
function  of  the  mass  of  bodies  as 
was  astronomical  attraction.  The 
germ  of  truth  in  Berthollet's  views, 
which  were  approved  by  Laplace, 
but  cast  into  oblivion  under  the 
influence  of  Prouat  and  Richter'a 
theory  of  fixed  proportions,  has 
in  recent  timee  been  shown  by 
Lothar  Ueyer  ('  Modem  Theoriee  of 
Chemistry,'  Introduction),  and  by 
Ostwald  ('Allgemeine  ChemJe,'  vol. 
iL  p.  557,  Ist  ed.,  also  '  Die  Eiiergie 
und    ihre    Wandlungen,'    Leipzig, 


1888,  p.  SO).  If  the  aati-onomical 
view  of  molecular  phenomena  pre- 
vented Berthollet  from  accepting 
Frouat^e  doctrine  of  fixed  proportions 
and  definite  combinations,  Bichter 
injured  hi^  own  reputation  by  ad- 
htn^g  to  the  nomenclature  of  the 
phlogiston  theory  after  it  had  been 
diicu^ed  by  French  chemiaU,  and 
in  Oermany  after  Klaproth's  deter- 
minations in  1792.  The  oxygen 
theory  of  combuHtioQ  of  Lavoisier 
got  such  a  firm  hold  on  the  minds 
of  Continental  chemists  that  the 
labours  of  those  who,  like  Cavendish 
in  England  and  Bichter  in  Oermany, 
put  forward  important  diacoreries 
m  the  language  and  on  the  principlea 
of  the  older  theory,  were  temporarily 
forgotten.  See  Kopp,  '  Entwickel- 
ung  der  Chemie,'  p.  ^71,  ix, 

'  StoKhiomet^  comes  from  the 
Qreek  ri  (rratxtia,  the  conatituent 
parts,  aud  nrrptit,  to  measure. 
All  Bichter'a  norks  are  cnunected 
nith  the  application  of  mathematics 
to  chemistry  ;  his  inaugural  disser- 


chymia'  (Kopp,  'Gesohiohte  Her 
Chemie,'  vol.  u.  p.  360).  "  Bichter 
^tait  prfoccup^  die  I'id^  d'app1ii(uer 
les  mathjmatiquea  k  la  chimie,  et  en 
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first  table  of  chemical  equivaleata,  taking  Bulphuric  acid 
aa  the  standard  with  the  figure  1000. 

The  conviction  that  chemical  substances  combine  ac- 
cording to  fixed  and  simple  proportions  gained  ground 
on  the  Continent,  chiefiy  during  the  discussion  in  which 
Froust  finally  disproved  and  defeated  BerthoUet's  theoty 
of  chemical  afiinity ;  but  it  is  to  Dalton  that  the  doctrine 
of  fixed  and  multiple  proportions  is  indebted  for  a  con- 
sistent  exposition.  Dalton  based  it  upon  a  mental  re- 
presentation which  ever  since  has  been  the  sonl  of  all 
chemical  reasoning. 

When  Newton,  from  the  measurable  data  of  the  move- 
ments of  cosmic  bodies,  deduced  the  celebrated  gravita- 
tion formula,  he  had  to  descend  to  molar — nay,  even  to 
molecular — dimeasiouB,  and  to  express  it  as  a  relation 
referring  to  the  very  elements  of  matter,  before  he  could 
apply  it  in  a  useful  manner :  he  had  to  express  it  as  a 
formula  which  had  reference  to  the  smallest  portions  of 
matter.     In  the  same  way,  the  measurements  made  by 


particulicr  de  dfcoUTrirdta  relatione 
□um^riquea  eatra  lea  qu&ntitA  dM 
oorpa  qui  u  oambiaeiit.  8«s  eSbrta, 
dans  cette  direotioD,  a'ont  pas  it4 
^alement  heureux  ;  car,  b'U  a  re- 
conD  J  ct  dDoac4  le  premier  la  loi  de 
repurCiomialit^  CDtre  les  quantitcB 


«  lea  quantity 


d'acidai    qui 

poids  de  base,  falC  importaal 
act,  il  a  charche  )i  d^montre 
autre  c6t4,  que  cei  quautittta  fermai- 
ent  des  Buries  numdriquaa  dout  lei 

It  Huivant  dea  re. 

e  qui  eat  errand. 
.  .  .  i^ea  erreura  n'ont  paa  Achappi, 
■SDS  doute,  It  I'attentii 
temporaim  de  Richter 
tribuij  ti  diacr^tar  aea   travaui. 


mplea,  o 


.  .  .  HailDOuan'avonspaalkinsieter 
sur  ce  dernier  point.  Relevone, 
dans  I'ceuvre  de  Rjchler,  lea  id^ei 
juatee  et  lea  decou»ert«s  fondamen- 
tales   qui  recommandenl  d'autant 


plua 


1  )>  I' 

de  la  poat^riti  qu'il  eat 
demeurri  m^connu  et  preaque  ignord 
de  aon  tempa  "  (WurUi, '  La  Thdorie 
atomique,"  7""  ed.,  18S3,  p.  9,  *o.) 
"  L'oppoaition  mSme,  qu'jl  profea- 
aait  piiur  let  doctrinea  du  r^orma- 
teur  [Lavoisier]  aemble  avoir  con- 
tribu^  tk  diacr^iter  lea  tmvauK  d« 
Richter :  son  heure  n'^tait  pas 
venue  ;  I'intdret  dtait  ailleura,  el 
en  AUemagDe,  comme  en  France  et 
en  Angleterre,  lea  eaprita  dtaient 
entrstD^  par  le  counuit  dea  ideea 
nouTeUea''(ilHd.,  p.  13). 
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many  chemists  previous  to  Dalton  had  to  be  interpreted 
as  referring  not  only  to  such  quantities  as  the  balance 
could  determiae,  but  to  the  very  smalleet  immeasurable 
particles  of  which  chemical  substances  consist.  For 
this  purpose  Dalton  adopted  what  was  known  as  the 
atomic  view  of  matter.  The  conceptioD  of  matter  as 
made  up  of  independent  particles,  which  for  our  means 
and  methods  prove  not  only  indestructible  but  likewise 
indivisible,  was  revived  as  the  ancient  theory  of  attraction 
had  been.  Combined  with  the  Newtonian  view  that 
weight  is  a  universal  property  of  all  matter,  it  made  the 
two  fundamental  rules  of  chemical  action  intelligible : 
the  two  facts — first,  that  the  total  weight  of  substances 
remains  always  the  same,  be  they  combined  in  ever  so 
many  different  ways ;  and  secondly,  that  all  substances, 
be  they  in  lai^  or  in  small  quantities,  combine  with  each 
other,  or  separate  from  each  other,  in  definite  and  fixed 
proportions.  This  view  could  not  be  consistently  main- 
tained, except  it  was  referred  to  the  smallest  particles 
into  which  matter  is  practically  divisible:  the  figures 
expressing  the  combining  numbers  were  viewed  by  Dalton 
as  representing  the  relative  weights  of  the  actual  atoms 
OF  elements  of  matter.  That  the  ultimate  particles  of 
matter  have  definite  weights  is  the  reason  why  substances 
combine  in  fixed  proportions,  and  why  the  combining 
weight  of  the  compound  is  the  sum  of  the  combining 
weights  of  the  constituents. 

As  the  gravitation  formula  had  given  rise  to  a  sur- 
prising activity  in  physical  astronomy,  to  a  long  series 
of  exact  measurements,  and  to  theoretical  deductions  of  a 
purely  mathematical  kind,  so  the  atomic  theoiy  of  Dalton 
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in  the  early  years  of  the  century  fixed  the  task  of  chemists 
for  a  long  time  ahead. 

To  b^in  with,  an  enormous  amount  of  work  had  to 
be  done  in  determiniog  the  actual  proportions  in  which 
elementary  substances  combine.  A  very  large  share  of 
this  work  belot^  to  Berzetius,  who  by  a  great  number 
of  very  accurate  determinations  confirmed  inductively 
the  correctness  of  Dalton's  theory.  And  even  more  im- 
portant than  the  conformation  of  the  theory  was  the  great 
harvest  of  actual  knowledge  of  the  things  and  processes 
of  nature  which  was  collaterally  gathered,  whilst  chemists 
were  trying  to  prove  or  to  refute  existing  opinions. 

Indeed,  whilst  the  atomic  theoiy  of  Dalton  was  the 
first  step  towards  a  systematic  and  comprehensive  study 
of  chemical  phenomena — i.e.,  of  the  qualitative  varieties 
under  which  matter  presents  itself  to  us  on  the  surface 
of  this  globe — the  extension  which  was  gained  in  the 
domain  of  actual  facts  was  much  greater  than  the  simpli- 
fication which  the  theory  had  attempted  to  give.  The 
number  of  elements  or  simple  bodies,  which  in  Lavoisier's 
time  hardly  exceeded  thirty,  increased  before  the  year 
1 8  3  0  to  more  than  double :  the  number  of  new  compounds, 
unknown  before,  has  probably  never  been  count«d.  Com- 
pared with  this  growth  of  actual  knowledge  of  facts,  the 
development  of  the  theory  was  slow  and  uncertain.  The 
view  of  nature  from  the  atomic  point  of  view  marks 
indeed  a  great  contrast  to  that  from  the  astronomical 
point  of  view.  We  now  live  about  aa  long  after  the 
ui*^"*!!!!  reform  of  chemistry  through  Lavoisier  and  Dalton  as 
Laplace  lived  after  the  reform  of  physical  astronomy 
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through  Newton.  But  who  could  compare  the  state  of 
chemistry  at  the  preeent  day  with  that  of  astronomy  in 
the  age  of  Laplace  ?  There,  every  step  had  tended  to 
show  that  the  one  Newtonian  formula  sutBced  to  com* 
prebend  all  cosmic  phenomena;  here,  the  simplification 
introduced  by  Balton  has  had  to  give  way  to  a  series 
of  modifications  which  have  rendered  the  atomic  theory 
one  of  the  most  complicated  machineries  ever  introduced 
into  scienca  Let  us  review  in  brief  the  fate  of  Dalton's 
hypothesis  during  the  century  which  followed.  Quite  in 
the  early  years  of  the  atomic  theory,  Wollaston  prophet!-  u. 
cftUy  foretold  that  if  once  an  accurate  knowledge  were  propiwc)'. 
gained  oi  the  relative  weights  of  elementary  atoms,  philo- 
sophers would  nob  rest  satisfied  with  the  determination 
of  mere  numbers,  but  would  have  to  gain  a  geometrical 
conception  of  how  the  elementary  particles  were  placed 
in  space.  Van't  HofTs  '  La  Chimie  dans  I'Espace ' — pub- 
lished at  Rotterdam  in  1875 — was  the  first  practical  reali- 
sation of  this  prophecy.  Many  st^es  had  to  be  gone 
through  before  this  latest  phase  of  the  atomic  view  was 
attained.  Had  it  been  the  case  that  every  elementary  sub- 
stance combines  with  any  other  substance  only  in  one 
fixed  numerical  proportion,  no  necessity  would  have  ex- 
isted to  look  upon  the  atomic  numbers  as  anything  else 
than  equivalents.  But  it  was  found  that  though  the 
combining  numbers  were  fixed  they  were  not  always  the 
same ;  it  was  found  that  if  a  substance  combined  in  two 
or  more  proportions  with  any  other,  the  larger  proportions 
were  always  exact  multiples  of  the  smallest  proportion. 
And  this — the  rule  or  law  of  multiple  proportions — was 
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w.       exactly  what  gave  to  Dalton'e  view  its  great  plausibility, 

multiple       for  if  the  elemeDtarv  atom  of  each  substance  had  a  definite 

proportioiu.  ' 

weight,  it  might  be  that  not  one  atom  only  combined  with 
one  other,  but  that  one  combined  with  two,  or  two  with 
three,  and  so  on.     Indeed  it  was  eoon  found  that  this  was 


'  The  different  facton  of  tbought 
which  combined  to  give  tho  »tomic 
theory  tliat  deSniteneu  and  useful< 
Desa  which  it  aCtainsd  through  and 
«iiice  Dalton  lay  ready-made  Oef ore 
him  i  but  DO  one  had  Beao  so  clearly 
u  he  did  how  to  combine  tbem. 
Proust  had  taught  ho»  to  diatin- 
guiah  between  chemical  compounds 


found  that  it  iad  the 
poaition  u  the  mineral  which  he 
found  ia  Dature.  Richter  had 
shown  that  definite  proportions  de- 
kcribe  the  quantities  in  which  acids 
and  basea  exist  in  neutral  Baits, 
Fischer  bad  attached  to  his  tnmsla- 
tioa  of  Berthollet's  work  the  first 
table  of  equivalent  quantJties  of 
bases  and  adds  which  combine  to 
neutralise  each  other.  Bichter,  and 
after  him  Qay-Luisac,  bod  also 
found  that  the  qiuntities  oE  dif- 
ferent metals  which  disnilve  in  the 
same  quantity  of  acid  to  form 
saturated  solutions  combine  also 
with  the  same  weights  of  oxygen 
to  form  oxides-  Richter,  and  after 
him  Proust,  had  found  that  certain 
metala,  lite  iron  and  mercury,  form 
more  than  one  fixed  compound  with 
oxygen,  but  without  perceiving  that 
the  different  quantities  of  oxygen 
in  these  fixed  compounds  stand  in 
simple  proportions  to  each  other- 
So  far  as  the  theoretical  side  is 
concerned,  the  idea  that  bodies 
■re  formed  of  distinct  particles— 
the  notion  of  the  ultimate  betero- 
geneouSDessordisooDtiauityof  mat- 
ter— was  not  only  familiar  to  the 
ancients,  but  was  adopted  by  many 
physicists  before  Dalton ;  though  the 


chemical  specialitita  who  prepared 
the  way  for  Dalton  do  not  seem  to 
have  msde  use  of  this  idea-  Boer- 
haave,  and  before  him  Boyle,  had 
spoken  of  atoms  and  of  the  moMrala 
or  particles-  Theories  were  not 
wanting  that  tlieae  ultimate  par- 
tides  differed  in  aiTB  and  form,  nor 
the  oppoKil*  view,  that  the  par. 
ticlPB  which  combined  liad  the  same 
weight.  The  latter  was  the  view 
of  Hig|{ins,  in  the  eipoeition  of 
wliich  (1790)  he  entangled  himself 
in  contradictious,  losing  his  chance 
of  being  one  of  the  founderd  of  the 
atomic  theory.  AsWurU  and  Kopp 
and  others  who  have  carefully  in- 
vestigated the  rival  claims  have 
eaid :  Thte  honour  of  founding  the 
atomic  theory  belongs  undividedly 
to  Dalton.  It  seems  important  to 
notice  that  his  eiperimeuts  with 
mixtures  of  gases,  which  must  have 
begun  about  1790,  impressed  upon 
him  the  idea  that  dift^rent  gaaet 
could  exist  independently  of  each 
other  in  the  same  apace,  suggesting 
the  conception  that  neither  of  them 
filled  the  whole  space,  but  that 
icontinuo 
iself  refers  b 
first  investigations  as  containing 
the  germ  of  Ilia  later  opinions.  It 
must,  however,  be  borne  in  mind 
that  Dalton  was  only  imperfectly 
acquainted  with  the  writings  of 
porarj  —  especially     Conti- 


sntal- 


e  had 


distrust  for  i 
ments  of  facta  which  he  had  not 
verified  nr  observed  himself.  All 
this  is  very  clearly  stated  in  Kopp's 
'  Entwickelung  der  Chemie,'  p.  S8S, 
be 
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actually  the  case.  The  lowest  number  according  to  which 
any  Bubstance  entered  into  combination  with  any  other 
was  called  the  atomic  we^ht  or  equivalent. 

There  was,  so  far,  no  necessity  to  look  upon  atomic 
weights  as  anything  else  than  numbers  fixing  a  propor- 
tion. The  unit  could  be  selected  arbitrarily.  It  was  not 
long  before  that  element,  hydr(^n,  which  entered  into 
compounds  in  the  relatively  smallest  weight  was  taken  as 
an  arbitrary  unit,  and  all  other  elements  and  compounds 
were  tabulated  according  to  the  relative  amount  of  their 
weights  required  to  form  compounds  with  hydrogen  or 
with  any  other  element — e^.,  oxygen — the  equivalent  of 
which  with  hydrogen  was  known.' 


'  For  man;  jeaxt  after  the  eDun- 
oiatioQ  nf  the  atomic  theory  gr«at 
UDcertniiit;  and  much  difference 
ot  opiaiou  eii«t«d  on  this  and 
other  points.  The  mui  who  did 
moat  to  elaborate  the  edifice  of 
nhich  Dnlloti  hud  laid  the  tounda- 
tione,  who  filled  in  the  outlines  Bnd 
invented  the  language  of  chemiatry, 
woe  Berzeliua.  He  proceeded  in- 
ductivelj  sod  gathered  materiaU 
freoi  all  aides ;  to  him  are  also 
oning  the  greatest;  number  of  ac- 
curate analyses,  ospecially  of  inor- 
ganic fubatancee.  ^^'hen  he  began 
his  labours  be  was  favourably  dis- 
posed towards  Dalton'a  hypothesis ; 
beclearlyaaw  its  capabilities,  but  also 
that  it  was  based  only  upon  a  happy 
suggestion,  that  it  was  introduced 
more  by  deductive  than  by  induc- 
tive reasoning,  and  that  it  Deeded 
to  be  exhaustively  tested  and  veri- 
Ged.  After  ten  years,  during  which 
he  published  in  (5ilbert's  '  Annalon  ' 
and  in  Thomson's  '  Annals  of  Philo- 
sophy'  many  series  of  investigations, 
he  was  able  in  131S  to  publish,  in 
his  '  Essay  on  Chemical  Proportions 
and   on   the   Chemical   Effects   of 


Electricity '  (fVench  translation, 
1819}  German  translatioa,  1820), 
the  first  systematic  and  complete 
eiposition  of  the  atomic  theory. 
The  beginning  of  a  re&lly  exact 
treatment  of  cbemistry  has  l>een 
dated  by  H.  Rose,  the  greatest  an- 
alytical chemist  of  the  century,  from 
this  year  1813— the  year  in  which 
Dalton's  hypothesis  was  proved 
and  generally  accepted.  Others 
have  dated  the  beginning  from 
1806,  when  l)alton  published  his 
theory;  others  again  from  1776, 
when  Lavoisier  destroyed  the  older 
phlogiston  theory  and  appealed  to 
the  balance ;  others  again  from 
Black's  discoveiy  of  latent  heat  in 
1760.  In  ao  interaatiooal  history 
of  thought  it  is  not  of  much  in. 
terest  to  decide  whose  ciums  to  be 
the  founder  of  modern  chemistry 
at  a  science  are  best  established. 
Every  one  of  these  dates  marks  an 
epoch  in  the  advance  of  on  im- 
portant and  independent  branch  of 
research.  Black  took  an  important 
step  in  the  foundation  of  physical 
chemistry  through  his  introduction 
of  (ha  conception  of  the  quantity 
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A  great  door  was  now  opened,  not  only  for  actual 
observation  and  research,  but  also  for  speculation — i.e., 
for  abstract  thought  Some  substances,  if  they  entered 
into  combination  with  hydrogen,  required  more  than  one 
unit  of  hydrogen,  and  it  might  therefore  be  that  the  pro- 
portion of  the  combining  weight  of  hydrogen  with  any 
substance  did  not  correctly  give  the  atomic  weight  of  the 
latter,  but  merely  a  multiple  or  sub-multiple  of  it.  Thus, 
assuming  oxygen  combined  with  hydrogen  in  the  propor- 
tion of  8  parts  of  the  former  to  1  part  of  the  latter,  a 
possibility  was  that  the  proportion  might  more  correctly 
be  written  16  to  2  than  8  to  1.  Then,  again,  were  the 
equivalent  or  atomic  weights  necessarily  whole  numbers  ? 
Were  combinations  aU  binary,  such  as  acids  and  alkalies 
forming  salts  1  and  were  more  complex  compounds  resolv- 
able into  binary  compounds  of  simpler  binary  compounds  ? 
Further,  assuming  the  proportions  fixing  the  combining 
weights  to  be  known,  how  did  the  volumes  of  bodies  com- 
bine ? — was  there  a  rule  of  volumes  as  there  was  of  weights  ? 
and  lastly,  what  was  the  reason  or  cause  which  made  sub- 
stances change  their  combinations,  forming  new  ones,  what 
did  chemical  affinity  consist  in,  what  did  it  depend  on, 
how  could  it  be  defined  and  measured  ? 

Considering  that  we  have  to  do  with  a  large  number  of 

independent,  apparently  unchangeable,  elements,  entering 

into  many  thousands  of  difiering  compounds,  the  task  of 

of  be&t.    LaToiaier  led  the  w»y  in  pur«l;  arithmetical  relatioDB,  uid 

the  deTelopment  of  the  purely  orith-  Berzeliua  el>bor(it«d  this  and  in- 

metical  deportmeat  of  chemiBtry,  vented   a   practical   aomenclature. 

\a   the   eiduaive   atudy  of   which  Black  aud  Dalton  threw  out  novel 

physical    chemistry    wan    greatly  ideas  ;  LaTuieier  and  Berzeliua  ela- 

Dsglected.      Dalton    Buggeet«d    a  berated  great  syatems  and  created 

formula   vhich   lent   itself   admir-  great  schools  which  uumbered  many 

ably  to  the  repreeentation  of  tbeee  conrerte  and  industrious  workers. 
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the  chemist  waa  enormous,  offering  a  large,  almost  limit- 
less, field  of  research  and  speculation.  Let  us  see  under 
^hat  leading  ideas  this  knowledge  has  been  arranged. 

In  the  gradual  development  and  clearer  definition  of 
these  conceptions  a  general  rule  of  thought  seems  to 
have  unconsciously  guided  philosophers  probably  more 
than  in  any  other  department  of  knowledge.  It  is  the 
rule  of  simplicity.^     How  the  human  mind  uhould  have       ii. 

"  Blmploi 
arrived  at  the  old  formula  of  "  simplex  sigillum  veri "  is  "^l™ 

difficult  to  understand  on  any  other  ground  than  that  of 
convenience  and  expediency.  The  prevailii^  impression, 
indeed,  which  the  world  of  phenomena  makes  on  the  mind 
of  an  unbiassed  observer  must  be  the  very  reverse  of  sim- 
plicity or  unity  of  law  and  purpose.  That,  nevertheless, 
the  knowledge  of  some  simple  relations  in  time,  number, 
and  Bpace  would  enable  the  human  intellect  to  acquire  a 
considerable  insight  into  the  course  of  events  and  the 
order  of  Nature's  proceeaee  must  have  come  to  philosophers 


'  The  progreaa  of  chemical  theory 
ia  the  history  of  the  attempt  to 
find  simple  relatione  of  number  and 
form,  rapresentiiig  the  couQtleea . 
combinationa  of  elementary  eub- 
■tsncea ;  aod  of  the  growing  con- 
victioQ  that  nearly  erory  gimpli- 
fication  must,  in  course  of  time, 
be  abandoned.  Ko  formula  remains 
unchallenged  except  the  doetrine  at 
fixed  and  flied  multiple  proportions, 
and  that  only  if  we  confine  our- 
seWea  to  solid  compounds  ;  but  the 
proportions  themselTea  are  not  ac- 
curately known,  though  do  pheno- 
menon exists  which  disproves  the 
assumption  that  they  ore  invariable. 
The  original  conception  of  the  atom 
as  a  round  bard  body  had  to  be 
abandoned  for  the  more  complicated 
VOL,  I. 


notion  of  a  molecule,  on  assemblage 
of  atoms;  the  conception  of  elemen- 
tary bodies  hod  to  be  amplified  by 
that  of  compound  element*  or 
radicles  ;  the  idea  that  the  atomic 
weight*  were  multiples  of  a  lowest 
number  bad  to  be  abandoned ;  the 
binary  theory  of  the  comUnation 
of  bodies  waa  replaced  by  the  theory 
of  radicles,  of  nuclei,  of  types  ;  the 
simple  nature  of  the  elementary 
particles  bad  to  give  way  to  a 
complicated  atomicity,  fi^m  which 
there  had  to  be  again  distinguished 
the  valency  or  capacity  of  satura- 
tion of  the  elementary  constitu- 
enta.  It  is  a  progress  from  simpler 
to  more  and  more  complex  methods 
of  representation. 

2C 
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aa  a  kind  of  revelation,  and  it  is  not  eutpriBing  that  it 
came  late  in  the  course  of  civilisation.' 

Nothing  can  have  tended  more  in  this  direction  than 
the  success  of  the  Newtonian  gravitation  fonuala,  and  of 
the  simple  laws  of  motion,  which,  at  the  time  of  the  birth 
of  modem  chemistry,  stood  firmly  established  as  the  key 
to  all  problems  of  physical  astronomy.  No  wonder  that 
men  were  on  the  look-out  for  correspondingly  simple — 
perhaps  analc^us — relations  in  the  world  of  molecular 
phenomena.  One  of  the  earliest  suggestions,  which  came 
forward  soon  after  Dalton's  atomic  view  had  helped  to 
establish  the  prevailing  rule  of  fixed  and  of  multiple  pro- 
portions in  the  chemical  combinations  and  reactions  of 
matter,  was  the  idea  that,  as  to  each  element  belonged  a. 
definite  combining  number,  all  these  numbers  must  be  the 
multiple  of  the  lowest  among  them,  the  equivalent  or 
IS.  atomic  weight  of  hydrc^en.  This  is  Prout's  celebrated 
brpoUtMia.  hypothesis,  which  had  some  ardent  admirers,  and  which 
has  been  repeatedly  abandoned  and  revived  in  the  course 
of  this  century.*  It  is  hardly  possible  to  maintain  it  any 
longer,  since  the  accurate  and  elaborate  measurements  of 


■  The  hypothnia  of  Prout,  pub- 
lished uioDjmoualy  in  ISIB,  and 
warmly  defeaded  by  Tbomson,  haa 
been  sgun  and  again  revived.  From 
the  beginning  it  wm  put  forward 
together  with  the  auggeetion  that 
the  diCTerent  elementary  aubatances 
might  after  all  turn  out  to  be  all 
derived  from  one  and  the  iame 
primary  form  of  matter,  and  that 
the  atoma  of  this  might  in  the 
atoms  of  our  present  elements 
merely  be  aggregated  in  different 
numbera  and  figures,  held  together 
by  forcei,  which  by  the  means  and 


our  command  could 
be  broken  up.  This  primary 
subaCancii  might  then  be  either 
hydrogen,  the  lightest  in  weight  of 
known  subatancea,  or  sums  other 
Bulist«Dce  of  which  hydrugen  itself 
was  an  atomic  multiple.  Abroad, 
Prout'a  hjpotheaia  waa  disproved 
by  Beoelius's  accurate  determina- 
tiona,  in  England  by  Tumer'a,  and 
about  ISSO  it  fell  into  oblivion.  It 
was  again  revived  in  1S40  by  Dumaa, 
who,  as  well  as  hia  foUowere,  Lau- 
rent and  Gerhardt,  favoured  the 
idea  that  the  explanation  of  the 
different  properties  of  chemical  com- 
pounds, notably  organic  compounds, 
waa  to  be  found  in  the  arrangement 
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Stas,  who  began  with  a  belief  in  the  bTpothesis,  led  to  the 
result  "that  the  simplicity  supposed  by  Prout'e  hypothesis 
to  exist  in  the  ratios  of  we^hts  which  come  into  play  in 
chemical  processes  has  experimentally  not  been  found ;  it 
does  not  exist  in  reality." ' 


of  the  eleioentMT  fttoma,  in  the 
■tructur«  retherthtu]  id  the  material 
diff^noe  of  the  elemeuta  them- 
•elTea.  The  deTeloproent  of  this 
view  in  the  modem  chemistry  of 
"tjpei"  and  "«tnicturaa"  will 
alwayi  go  hand  in  hand  with  an 
avoned  or  tacit  belief  in  the  eiiit- 
BDoe  of  aa  ultimate  uniformity  of 
•ubetAuce,  out  of  which  by  a  diver- 
■it;  of  coaGguration  of  atom*  the 
iDfioite  variety  of  compuunde  ia 
produced  The  accurate  measure- 
menta  of  Stai  had  again  about  the 
year  1860  di«pro»ed  the  hypothesis 
of  Prout.  It  haa,  however,  again 
turned  up  in  recent  Bcientific  litera- 
ture. The  theories  of  evolution, 
physical  and  philoaophical,  the  dis' 
oovories  of  the  spectroscope  regard- 
ing the  small  number  ol  elements 
contained  in  the  photosphere  of  the 
sun,  the  periodic  laws  of  Lotbar 
Heyer  and  Hendelieff  and  the 
■Mreometric  theory  of  the  carbon- 
compouods,  of  which  I  shall  speak 
Uter  on,  all  point  to  the  con- 
cluaion  that  our  so-called  elemeDte 
are  composite  bodies,  and  favour  a 
view,  similar  to  that  of  Prout.  that 
possibly  a  single  kind  of  matter 
may  form  the  only  substance  of 
which  atoms,  molecules,  elements, 
and  compounds  are  made  up.  Pro- 
feesor  Crookei  in  his  address  to  the 
chemical  section  of  the  British 
AMOciation  in  1886  revived  inter- 
eet  in  the  subject.  After  quot- 
ing a  variety  of  authorities,  he 
sums  up  :  "  From  these  passages, 
which  might  easily  be  multiplied, 
it  plMoly  appears  that  the  notion — 
not  necessarily  of  the  decompoei- 
bility,  but  at  any  rate  of  the  com- 
plexibility  of  our  supposed  elements 
— is,  so   to   speak,   in   the  air   of 


science,  waiting  to  take  a  further 
and  more  definite  development.  It 
is  important  to  keep  before  men's 
minds  tbe  idea  of  the  genesis  of  the 
elements  ;  this  gives  some  form  to 
our  conceptions,  and  accustoms  the 
mind  to  look  for  some  physical  pro- 
duotion  of  atoms."  Further  on  he 
ooias  the  word  "protyle"  (from 
vpdn)  and  EAii)  to  denote  the  original 
kind  of  matter,  and  thus  reminds  us 
that,  though  speculations  of  this 
nature  are  not  infrequent  in  English 
philosophy  since  Roger  Bacon,  the 
English  language  has  no  word  to 
denote  what  the  Qermans  call 
"  Urstoff,"  the  Romans  "prima 
materia,"  the  Greeks  ri  iFrDix>>of  or 
simply  ekn.  The  Une  ot  thought 
which  again  and  again  leads  philo- 
Bophera  to  speculate  on  this  "prima 
materia"  and  upon  a  hypothesis 
similar  to  that  of  Prout  is  interest- 
ing and  noteworthy,  though  it  must 
be  acknowledged  that,  so  far,  do 
real  scientific  benefit  has  been  de- 
rived from  it,  and  that  it  rather 
tends  to  upaet  the  only  firm  founda- 
tion of  modem  chemistry,  the  fixity 
of  the  equivalent  proportions  as  we 
DOW  use  and  know  them.  Mende- 
ISeff  himself,  in  his  excellent  Fara- 
day lecture  on  the  periodic  law 
('Journal  of  the  Chemical  Society,' 
1389,  p.  634,  Ac)  distinctly  refuses 
to  recognise  any  connection  between 
the  periodic  law  and  the  idea  of  an 
unique  matter. 

■  Stas,  quoted  by  Ostwald, 
'  Lehrbuch  der  Allgemeinen  Chemie,' 
voL  j.  2nd  ed.,  Leipzig,  1891,  p.  129. 
The  revival  of  the  hypothesis  of 
Prout  about  the  middle  of  the  cen- 
tury was  owing  to  the  discovery  by 
Dumas  and  Stas  of  the  fact  thi^ 
Berxelius's   figure,    12'2D,  for   tba 
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Prout's  Bunple  but  incorrect  aastimptlon  belongs  to  tbe 
^e  which  witnessed  the  decomposition  of  many  com- 
poundB  into  their  two  constituents  by  Davy's  successfnl 
use  of  the  galvajiic  batteiy,  at  the  poles  of  which  Uie 
two  elements  of  substances  made  their  separate  appear- 
ance. Substances  which  had  always  been  considered 
as  elemental  and  permanent,  such  as  many  oxides  and 
earths,  came  to  be  ranged  among  the  list  of  binary  com- 
pounds. This  lent  plausibility  to  the  idea  that  even  tbe 
supposed  elements  themselves  might  ultimately  prove  to 
be  aggregates — difiering  in  number  and  figure — of  the 
elementary  particles  of  one  and  the  same  primary  sub- 
stance. Though  with  Prout's  hypothesis  this  view  has 
been  repeatedly  held  and  refuted,  another  theory — recom- 
mended likewise  by  its  simplicity — had  its  origin  in  the 
discoveries  of  Davy,  and  the  further  development  of  them 
by  Berzelius.  This  is  the  so-called  electro-chemical  or 
binary  theory  of  chemical  compounds.  The  dual  combina- 
tion of  one  elementary  substance  with  another,  and  again 
of  two  dual  compounds  with  each  other,  and  so  on, 
even  to  the  most  complicated  compounds,  was  to  be  the 
simple  type  of  chemical  combination.      This  view,  so 


atomic  weEght  of  carbon,  taking 
oiygea  as  IS,  wm  ioeorrvcL  An 
account  of  the  long  aeries  of  deter- 
minations of  this  important  con- 
staDt  will  be  found  in  the  some 
work,  p.  82,  Ac  I  believe  that  in 
the  lirst  edition  of  this  work  will 
■Uo  be  found  the  first  consistent 
attempt  to  introduce  into  chemical 
data  an  estimate  of  the  degree  of 
accurac;  or  the  amount  of  error 
which  attaches  to  our  knowledge  of 
if  nature  and  the  so- 


books  during  the  earlier  half  of  our 
century,  and  it  is  sven  yet  hardly 
touched  upon  in  the  ordinary  text- 
books. The  residt  i>  an  entirely 
erroneous  impression  produced  on 
the  popular  mind  as  to  tbe  degree 
of  certainty  which  belongs  to 
scientific  statements. 
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simple  and  plausible,  governed  research  for  a  long  period, 
bat  has  finally  been  abandoned  as  insufficient.* 

Another  blow  was  dealt  at  the  simple  theory  by  which  wi 


•  The  elftctro-oheraicftl  theory  of 
Davy  and  Berzelius  wu,  after  about 
fifteen  yean  of  developmeDt,  during 
which  period  the  use  of  the  aignifl' 
oaot  termi  eleotro  -  poaitive  and 
olBctrO'DBgative  was  not  oonaietent, 
finally  enunciated  by  Beizeliuii  in 
1818  in  hJB  '  Eaaay  on  the  theory  of 
Chemical  Proportions  and  on  the 
Chemical  Action  of  Electricity.' 
From  that  time  it  reigned  almoat 
nipreme  for  twenty  yean,  when 
both  phyaica]  and  chemiod  dia- 
ooveriee  began  to  show  ita  insufBci- 
ency.  A  very  conciae  account  of  it 
is  given  in  Kopp's  '  Entwickelung 
der  Chemie,'  and  io  E.  von  Heyer'a 
'  Hiatory  of  Chemiatry,'  tranalated 
by  M'Qowao  (Uacmillan  k  Co., 
1S91).  Beraeliua  clung  to  it  to  the 
laat,  and  at  the  present  moment 
Uiere  exiata  a  nideepread  opinion 
that  the  future  will  sea  a  revival 
and  modified  acceptance  of  the 
Davy  -  BerieliuB  theory.  In  rela- 
tion t«  this  Helm  hoi  tzB  celebrated 
Faraday  lectura  of  the  year  18S1 
should  be  read  (aee  tbe  reprint  in 
Helmholtz'a  'Vortriige  und  Reden,' 
vol.  ii, )  The  peculiarity  of  the  elec- 
tro-chemical theory  waa  that  it  was 
an  atomic  theory  aa  well  as  a  theory 
of  chemical  afflnity.  When  it  was 
abandoned,  the  two  diatinct  ia- 
tereata,  that  of  developing  the 
atomic  view,  go  as  to  give  a  correct 
deecriptjon  of  the  consUtution  of 
chemical  compounda  and  reactions, 
and  that  of  giving  an  explanation 
of  chemical  ^nity,  fell  for  a  time 
aaundar.  The  former  interest  pre- 
ponderated, owing  mainly  to  two 
reasons,  the  one  theoretical,  the 
other  practical.  The  theoretical 
reason  was  the  need  of  a  different 
method  of  systematically  arranging 
the  ohaoe  of  new  organic  oompounds 


with  which  chemiatry  became 
crowded  about  the  year  1810. 
Beraelius  had  created  the  nomen- 
clature and  notetjon  of  chemistry  ; 
but  this  proved  insuffleient  to  de- 
scribe and  graap  the  procesMa  and 
products  of  the  many  carbon  com- 
pounds, The  practical  reason  which 
oast  into  tbe  background  the  study 
of  chemical  affinity  and  its  nature 
waa  the  growing  demanda  of  manu- 
facturing chemiatry.  Thia  waa 
dining  a  long  period  occupied 
mainly  with  the  analysis  and  syn- 
theaia  of  new  products,  or  with  new 
and  simpler  methods  for  producing 
well-known  compounds.  The  study 
of  reactions  and  of  tbe  products  o! 
bodies  was  practically  of  more  in- 
terest than  that  of  the  forces  which 
governed  them.  The  question  of 
the  coat  of  produdng  chemie^  pro- 
ducte  was  for  a  long  time  a  second- 
ary one.  Towards  the  end  of  our 
oentuiy  both  theoretical  and  prac- 
tical considerations  forced  upon 
chemiata  the  neceaoity  of  making 
themselvee  acquainted  with  the 
different  forms  of  energy  which  are 
at  our  command  in  chemical  aa  well 
as  in  mecbanical  oparaUona,  and 
thia  haa  led  to  a  renewal  of  the 
atudy  of  chemical  and  mechanical 
energy,  and  of  the  nature  and  laws 
of  chemical  affinity.  Economy  in 
practical  chemistry  can  be  divided 
into  two  branches  :  the  economy  of 
mateiiaU  and  the  economy  of 
energy.  The  great  developments 
to  the  course  of  this  oentury  have 
consisted  largely  in  utilising  by- 
producte  and  in  avoiding  waste  of 
suhetance.  We  are  now  only  ap- 
proachbg  the  second  problem  : 
how  to  put  the  energy  which  ia  at 
our  command  to  the  heat  use. 
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Berzeliua  united  Dalton'e  and  Davy's  researches  into  a 
comprehensive  system  of  chemistry.  The  identity  or 
difference  of  chemical  substances  seemed  in  the  early  part 
of  the  century  to  be  fixed  by  the  constituent  elements  and 
their  quantitative  proportions  determined  by  a  qualitative 
and  quantitative  analysis.  This  simple  view  had  to  be 
abandoned  when  Wohler  in  1823,  Liebig  in  1824,  and 
Faraday  in  1825  found  that  entirely  different  qualities, 
indicating  a  different  constitution,  could  belong  to  bodies 
having  the  same  elemente  in  the  same  numerical  propor- 
tions.' The  composition  of  a  compound  had  to  be  dis- 
tinguished from  its  constitution,  the  elementary  from  the 
constituent  analysis  and  formula.  It  took  forty  years 
before  the  great  variety  of  views  which  were  brought 
forward  with  the  purpose  of  explaining  how  composition 
and  constitution  of  the  same  abrogate  of  elements  might 


'  Tbis  phsDomeDOD  is  termed 
"  IwmariBm,"  from  the  Greek  word 
Uioiifpts,  nhicb  sigDiGea  "hftvisg 
equal  parta."  The  term  naa  intro- 
duced by  Berzeliua  in  ]S30,  After 
he  h&d  utJafied  himaelf  that  com- 
pouada  eiiated,  differing  widely 
ID  their  properties,  which  contain 
the  same  conatituent  elements  in 
the  »me  proportions,  and  which 
combine  with  other  bodies  in  the 
aame  proportioos  to  form  neutrsl 
aalta.  Thia  he  found  to  be  the  cue 
with  "racemic"  and  "t»rti«rio"acid. 
Up  to  that  time  he  had  heiitttted 
in  accepting  the  growing  evidence 
that  actual  cooatituents  in  equal 
proportiona  did  not  coaBtitul« 
identity  of  compounda.  Wohler  in 
1S23  and  Lieb^  in  IS24  had  found 
the  saiDe  numerical  oompoaitiou  for 
"cyanate"  and  "fulminate"  of 
silver.  In  1S26  Faraday  found  two 
hydrocarbona  which  contained  the 
aame   proportiona   of   carbon   and 


hydn^n,  but  showed  totally  diSer- 
ent  properties,  auch  aa  unequal 
denaity  iu  the  goaeoua  state.  Two 
oxidea  of  tin,  having  the  same  com- 
position, were  alao  kouwo,  and  two 
modificationa  of  "  phusphoric  acid." 
The  explanation  of  the^e  anomaliea 
cauaed  Beraeliua  much   difGculty. 


He   I 


the    1 


of    . 


difference  oE  groupiog  of  the  c 
■tituent  atoms.  "  'Hie  isomeri 
of  compounds,"  he  says,  "  in  itself 
presupposes  that  the  positions  uf 
the  atoms  io  them  muat  be  differ- 
ent" (see  E.  von  Meyer,  'History 
of  Chemistry,'  p.  23S).  A.  Rau  in 
hi* '  Theorien  der  modemen  Chemie' 
(3  porta,  Brauoeehweig,  1877-84) 
gives  in  the  appendix  to  the  third 
port  a  detailed  history  of  iaomerism. 
He  deniee  that  Berieliua  refera  to 
the  different  ^ition  of  atoms  in 
order  to  explain  iBomeriam  ;  he  at- 
tributes  this  suggeation  to  Dumaa 
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differ,  could  be  approximately  brought  into  line  and  order. 
This  period  was  filled  by  the  development  of  the  chem- 
istry of  organic  compounds.  The  chemical  substances  ^": 
■which  make  up  the  framework  and  numerous  tissues  c*— *-*— 
of  all  living  beii^,  the  juices  and  produeta  of  vegetable, 
the  food  and  the  excreta  of  animal  organisms,  consist 
mostly  of  a  few  elementary  bodies,  combined  according 
to  numbers  which  are  highly  complex  and  unintelligible. 
Most  of  these  compounds,  if  removed  from  the  organism 
which  contained  them,  proved  to  be  subject  to  rapid  de- 
composition. An  increasing  number  of  stable  compounds, 
however,  were  in  course  of  time  prepared  from  these 
residues,  and  these  formed  especially  the  subject  of  organic 
analysis.  Already  Lavoisier  had  indicated  how  some 
system  might  be  brought  into  the  apparent  complexity 
cf  these  oi^nic  bodies ;  and  this  view  was  adopted  by 
Berzelius  and  incorporated  in  Ms  dual  or  binary  system.* 


^  Kopp's  account  of  the  develop- 
ment  of  Berzeliiu'i  viewB  on  organio 
CompouiidB  is  moat  iaterestiog  and 
A«  Ute  aa   1814   h« 


could  not  reconcile  the  ci 


with  the  atomic  theory , 

nemd  efforts  and  improved  methods 

of  SDslyrai  taught  him  in  the  fol- 
lowing years  bow  to  apply  the 
atomic  formuls  to  the  description 
of  such  compounds.  "  He  was 
the  first  to  show  the  only  right 
road  to  inform  ourselvee  r^jarding 
the  constitution  of  these  bodies, 
the  method,  namely,  of  aoslysinif 
their  combinations  with  inorganic 
«ubetaiices  of  known  atomic  weight. 
...  He  had  also  a  great  share  in 
eatablishing  the  view  that  the  ratios 
of  combiuation*  in  organic  com- 
pounds are  analogous  to  those 
of  inorganic  aubatancee,   and  that 


theorist  of  the  former  must  begin 
by  comparing  them  with  the  lat- 
ter "  ('  Qeschichte  der  Chemie,'  voL 
i.  p.  398 ;  cf .  also  '  Die  Entwickel- 
ung  der  Chemie,'  p.  632,  kc)  To 
Berzelius  ia  thuB  due  more  than  to 
any  other  man  the  breaking  down 
of  the  barrier  which  had  before  his 
time  divided  the  chemiatry  of  or- 
ganic from  that  of  inorganic  sub- 
staucea.  For  a  considerable  time 
Berzelius  did  not  took  upon  organic 
compounds  as  binary — in  fact,  in 
ISU  he  assumed  that  the  difference 
between  organic  and  inorganic  oom- 
pounda  la;  in  this,  that  the  latter 
were  all  binary,  whereas  the  tonner 
were  ternary  or  quaternary.  The 
French  chemiata,  under  the  influ- 
ence of  Lavoisier's  oxygen  theory, 
favoured  the  binary  view,  and  this 
was  much  strengthened  by  Oay- 
Lussac's  reseorcbee  on  cyanogen  (m 
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It  was  supposed  that  the  simple  aod  well-known  elements 
of  these  bodies  might  have  the  property  of  forming 
primarily  combinations  which  were  more  firmly  knit 
together  than  others,  that  these  primary  combinations 
might  then  as  it  were  take  the  place  of  elements  and 
act  like  them,  forming  with  others  of  similar  constitution, 
or  with  the  simple  elements  themselves,  more  complex 
compounds.  In  these  higher  compounds  they  might 
behave  like  elementary  bodies,  entering  into  and  being 
expelled  from  them  in  their  own  proper  combinations 
without  being  broken  up  into  the  ultimate  elementary 
constituenta  One  of  the  functions  of  the  hving  oi^nism 
was  by  the  action  of  the  vital  forces  to  produce  these 
primary  compounds  or  complex  atoms.  It  was  thus 
thought  that  as  inorganic  bodies  were  made  up  of  con- 
8tituent«  which  were  elements,  so  o^nic  bodies  were 
made  up  of  constituents  which  were  themselves  partly 
compounds.  A  new  term  had  to  be  coined  for  those 
constituents  which  might  comprise  both  elementary 
bodies  and  these  primary  compounds  which  behaved 
like  elemente  in  oi^anic  substances.  This  was  the  term 
"  Radicle."  A  radicle  might  be  an  element  or  a  com- 
pound.'    For  a  long  time  it  was  thought  that  these 

181S),  a  compound  of  carbon  and 
nitri^gen,  which  was  shown  to  behave 
like  an  elemeot.  Ampere  id  the 
following  ;car  ahowed  how  the  aattB 
of  ammonia  could  be  brought  into 
line  with  the  salts  of  other  al- 
kalies by  conaideriDg  them  (o  coa- 
tain  a  compound  element  (consist- 
ing of  nitrogen  and  hydrogen)  in 
place  of  a  simple  element.  Id  hia 
celebrated  esw;  of  ISIS  Berzelius 
defines  organic  acids  w  binary 
eompoundg  of  oxygen   with  com- 


'  The  term  "radicle,"  to  desig- 
nate the  principal  constituent  of  a 
compound,  waa  used  as  far  back  as 
1787  in  the  diBCUBBioni  through 
which  the  French  chemists  reform- 
ed the  DOmenclature  of  chemistry 
(Kopp,  '  Geschichte,'  kc,  voL  iv. 
p.  26S).  It  acquired  a  more  defi- 
nite meaning  about  the  year  183G, 
when  Liebig,  in  common  with  Ber- 
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complex  radicles,  aa  distinguished  from  the  elements, 
were  produced  mainly — if  not  exclusively — in  the  oi^n- 
ism  of  the  plant  or  of  the  animal.  Liebtg  himself,  who 
favoured  this  view,  and  who  first  brought  oi^nic  chem-  ai 
istry  in  its  application  to  a^culture  and  physiology  " 
under  the  notice  of  a  large  circle  of  readers,  introduced 
this  branch  of  the  subject  with  the  designation  of  ihe 
chemietry  of  compound  radicles,  inorganic  or  mineral 
chemistry  being  termed  the  chemistry  of  simple  radicles. 
The  radicles  were,  according  to  Lieb^,  the  true  elements 
of  organic  chemistry.  The  binary  system  of  Berzelius 
received  another  attack  led  by  the  celebrated  French 
chemists  Laurent  and  Gerhardt,  with  whom  Dumas  tem- 
porarily allied  himself.  It  was  about  the  year  1840  that 
the  idea  of  "  substitution "  entered  the  list  of  formulae 
by  which  chemical  philosophers  attempted  to  systematise  ti 
and  simplify  the  ever-growing  number  of  definite  com- 
pounds, supplied  mainly  by  organic  analysis.'     It  was 


celiui  uid  with  Dumu,  ettsbUihed 
what  ia  DOW  cftllsd  the  older  radicle. 
theory  of  orguiic  compouoda.  Aa 
Kopp  htM  ihown  (*  ^itwickeluDg 

derChemie,p.  GTS,  he.),  it  remained 
undecided  at  that  time  whether 
these  organic  radicles  bad  actual 
eiieteDce,  or  whether  tliey  were 
meretjr  a  conTsnient  lymboliBm, — 
whether  the;  oould  be  isolated,  like 
cyanogen,  or  whether  they  existed 
only  in  combinationa,  —  whether 
they  were  fixed  and  unchangeable, 
or  whether  they  could  thenuelvea 
be  converted  one  into  another, — 
whether  the  same  oompound  could 
be  referred — for  conienience  aake 
— to  more  than  one  constituent  rad- 
icle. "  By  most  chemiata  the  defini- 
tion of  organic  chemistry  given  by 
Liebig  ('  Organic  Chemistry,'  1813) 


waa  adopted,  that  it  was  the  chem- 
istry of  compound  radicles ;  .  .  . 
that  these  radicles  really  eiiaCed 
in  the  compounds  as  definite  cod- 
stituents ;  and  if  it  was  then  said 
that  these  radicles  were  mostly 
hypothetical,  this  was  understood 
aa  meaning  that  some  of  them  were 
known  iD  the  free  state,  others  not " 
(p.,  581). 

'  Even  before  that  time  the  views 
of  man;  eminent  ohemists  bad  been 
greatly  influenced  by  the  discoveries 
and  eiperimeata  of  two  great  na- 
tural philosophen  of  thia  couutry 
who  kept  themselves  free  from  the 
theoretical  coDiideratione  which  had 
led  BeneliUB  in  the  elaborat[on  of 
hia  electro- chemical  and  binaiy  sys- 
tem. These  were  the  leaeardties  of 
Davy  r^arding  the  so-called  hydro- 
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found  that  one  or  more  atoms  in  an  organic  compound, 
notably  of  hydrogen,  might  be  replaced  by  an  equal 
number  of  atoms  of  other  elements,  and  that  such  pro- 
ducts of  substitution  retained  similar  qualities,  and  could 
be  mutually  converted  into  each  other,  the  type  of  the 
compound  remaining  the  same.  The  process  of  substitu- 
tion led  to  the  conception  of  "  Types,"  which  remained 
the  same  whilst  the  individual  compounds  varied  ac- 
cording to  the  different  elements  which  were  introduced. 


sen  acida  of  chlorine,  bromine,  md 
iodine,  and  the  inTeatJg&Ciotii  of 
Qrftlikla  iato  the  wilte  of  phoaphoric 
add  Mid  its  diCTereut  modiGc&tions. 
Davy,  though  together  with  Ber- 
zelius  the  founder  of  the  electro. 
choEuical  theory,  had  found  it  aecee- 
Borj  to  modify  the  oxygen  theory 
of  LavoiHier — vii,,  that  oiygen  waa 
DCceesarily  the  acid  -  fnrmiDg  ele- 
ment :  he,  aod  after  him  Dulong 
in  France,  bod  explained  the  so- 
called  oxygen  acids  like  sulphuric 
acid  aa  nydrogen  compounds  of 
certain  compound  radicles  (SO^) 
exactly  aa  hydrochloric  acid  ja  a 
hydrogen  acid  of  the  simple  radicle 
chlorine.  Graham's  discovery  of 
three  modificatioDS  of  phoBphoric 
acid,  sod  of  the  different  power  of 
aaturation  of  these  three  modifica- 
tions, lad  to  long  discusBioaH  aa  to 
what  ia  resJly  meant  hy  a  neutral 
salt.  Liebig  in  the  year  1838,  in 
an  important  memoir  gathering  to- 

Kther  the  conclusions  which  these 
tta,    not  eauly   reconciled    with 
Berzelius'a  syatem,  had  led  him  to,   I 
emphaaiaed  there  the  twofold  poa-   | 
aibility  of  regarding  metaUic  salts   . 
either    with    Berzeliua    aa    binary 
combinations   of   oiidea   with   an-   I 
hydrous  acids,  or  elte  as  products  j 
of  Bubttitution  of  hydrogen  com- 

Kunds,   hydrogen   being   replaced 
,  metals.    The  choice  might  iJien   | 


depend  on  eonuderations  of  con- 
venience -.  the  one  view  might  be 
more  suitable  for  inorganic — notebly 
metallic— compound^  the  other  for 
organic  compounde.  The  hydrogen 
theory  was  thua  introduced  alone- 
side  of  the  oxygen  theory  ;  subatj. 
tution  was  introduced  alongside  of 
simple  combinaUon.  Though  in 
this  etage  the  nuilicle  theory  wa« 
already  threatened,  it  was  atill  pos- 
sible to  uphcjd  the  binary  theory, 
though  it  was  not  neoesaary.  Chlo- 
rine could  act  in  the  same  way  aa 
oxygen,  being  an  electro  -  n^ative 
element.  But  when,  in  pursuing 
the  line  of  inveatjgatiou  opened  out, 
it  was  found  iSat  chlorine,  the 
electro-negative  element,  could  take 
the  place  of  hydrogen  in  organic 
compounds  without  changing  their 
chemical  character,  the  binaiy 
theory,  based  upon  polar  (eleotri- 
cal)  coDtiaatii,  became  insufficient 
aa  a  meana  of  explanation  or  even 
of  claaeifi cation.  Dumas  waa  the 
firal  to  indicate  this  (1831),  though 
he  attempted  to  save  the  electro- 
chemical or  polar  theoiy  by  atating 
that  the  two  electrically  opposite 
oonatituents  of  an  organic  com- 
pound might  contain  the  same 
elementa  in  the  opposite  electrical 
podtioDs  (Kopp, '  Entwickelung  der 
Cbemie,'  pp.  GS4,  595,  Ac.) 
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Whilst  the  "  Radicle "  theory  of  Berzeliua  and  Liebig 
sought  to  aimplify  the  Btudy  of  chemical  compounds  by 
reducing  them  to  a  definite  number  of  complex  atoms,  the 
"  Type  "  theory  of  Laurent  and  Gerhardt  sought  to  attain 
the  same  object  by  establishing  a  small  number  of  simple  ti 
formulfe,  corresponding  to  well-known  simple  substances, 
under  which  the  vast  number  of  organic  compounds  could 
be  grouped.'     The  conception   of   a  "  type "   exhibiting 


'  Tlie  type  theory  waa  slowly  aod 
heeitAtuiglf  develnped.  Dumu, 
who«e  reseorche*  about  183f>  pre- 
pared the  way,  did  not  himself 
draw  the  immediate  cousequsnces  ; 
thii  naa  done  bj  Laurent,  "who 
maiDtained  that  tlie  structure  and 
chemical  character  ot  organic  com- 
pounda  are  aot  materially  altered 
by  the  entrance  of  chlorioe  and  the 
separation  of  hydrogen"  (E.  v. 
Meyer,  'Histoiy  ot  ChemistJy,'  p. 
231).  Laurent  then  elaborated  his 
thei>ry  of  "Nuclei."  They  remind 
one  of  Berz«liua's  and  Liebig's  radi- 
clcH.  The  nuclei  were  the  ground- 
work of  organic  compounds  ;  they 
were  not  unalterable  as  the  radicles 
had  been  considered  to  be.  Dumae, 
who  at  first  repudiated  Laurent's 
ideal,  vnu  later  on,  through  his 
own  experimental  discoveries,  led  to 
adopt  similar  views.  The  "  radicle," 
as  the  permanent  constituent  in  or- 
ganic compounds— correaponding  to 
the  elements  in  inorganic  chemistry 
— had  given  wa;  to  the  changeable 
nucleUH,  which  only  preserved  its 
form  1  the  unchangeable  principle 
was  found  in  the  form,  the  structure 
or  type,  instead  of  in  the  substance 
of  the  simple  or  composite  consti- 
tuents. This  led  to  an  extensive 
study  of  the  forms  of  chemical 
compounds — as  ei  pressed  by  tbor 
formulfe,  and  apart  from  the  study 
of  the  properties  of  the  original 
constituents.    Types  were  invented, 


frequently  in  a  somewhat  arbitiary 
manner.  "  The  ultimate  result  was 
that  an  empty  acheme  of  formula- 
tion carried  the  day  over  what  was 
really  good  in  this  doctrine  "  (ibid., 
p.  264).  "The  unitary  conception 
was  to  step  into  the  pUce  of  the 
dualistic  .  .  .  Every  chemical  com- 
pound forms  a  complete  whole,  and 
cannot  therefore  consist  of  two 
parts.  The  chemical  character  is 
dependent  primarily  upon  the  ar- 
rangement and  number  ot  the 
atoms,  and  in  a  lesser  degree  upon 
their  chemical  nature"  (p.  !65). 
This  is  the  beginning  of  the  second 
great  step  which  was  taken  in  the 
elaboration  of  the  atomic  view  of 
matter  and  nature.  The  atomic  view 
first  became  a  scientific  instrument, 
when  arithmetical  relations  ot  a 
definite  and  unalterable  kind  were 
suggested  and  proved  to  exist ;  it 
became  a  yet  more  useful  instru- 
ment, when  to  the  arithmetical 
there  were  added  geometrical  con- 
ceptions. Position,  arrangement, 
and  structure  are  conceptions 
which  involve  ideas  ot  distance  and 
space.  It  is  true  that  for  a  long 
time  these  terms  were  used  merely 
symbolically ;  the  ultimate  conse- 
quencea  of  such  conceptions  can 
however  not  be  avoided.  The  his- 
tory of  chemical  theory  in  the 
second  half  of  the  nineteenth  cen- 
tury is  a  proof  of  this. 


b,Goo(^lc 


412 


SCIENTIFIC  THOUGHT. 


certain  stable  qualities  with  a  multitude  of  changing 
varieties  was  a  notion  familiar  to  other  biaoches  of  natural 
history.  The  idea  of  subetitnting  one  element  for  another 
gave  the  death-blow  to  the  theory  of  Berzelius,  which 
assumed  that  elements  paired  with  each  other,  according 
to  some  polar  contrast.  It  was  found,  for  instance,  that 
the  element  chlorine,  which  stood  on  one  side  of  the 
scale — the  electro-negative — could  take  the  place  of  the 
opposite  electro-positive  element  hydrogen. 

In  the  course  of  time  the  conception  of  types  was  much 
changed,  and  became  more  and  more  complicated ;  it  had 
however  the  effect  of  finally  destroying  the  binary  view  of 
chemical  composition,  and  restoring  in  its  place  the  older 
unitary  conception. 

All  these  attempts  to  simplify  the  study  of  chemical 
compounds,  by  reducing  them  to  simple  or  complex  ele- 
ments, or  to  pairs  of  simpler  combinations,  or  by  ranging 
them  according  to  types,  were  useful  in  many  ways  in 
extending  the  knowledge  of  bodies,  in  indicating  new 
methods  of  inquiry,  and  in  suggesting  instructive  experi- 
ments :  *    none  of  them  were  universally  accepted  in  the 


'  About  that  time  —  «o  (ftr  Bi 
chsmiitry  proper,  i.e.,  the  Btu<^  of 
Dompoundi  sod  of  reactJous  mt 
caacemed — there  eiUt«d  two  miua 
eurrent*  of  thought,  the  moat  illus- 
trious ftnd  influeutial  represents- 
lives  of  vhich  were  Kekul^  (1329- 
96,  fint  professor  ct  Oheut,  then 
siuoe  ISas  St  Bodd],  ^a6  Kolbe 
(1818-1884,  8r«t  professor  M  Mar- 
burg, then  ebo«  1865  at  Leipsic). 
Ai  teachera  end  oeutres  of  aca- 
demic influence,  though  in  differ- 
ent, frequent];  oppoeite  directions, 
these  two  emiuent  men  continued 
the  work  sUuied  in  Oennanj  b? 


Liatog,  Wiihler,  and  Buueen.  To 
them  as  a  third  can  be  added  the 
name  of  A.  W.  von  Hofmann  (1818- 
1892),  who,  through  hi<  twenty 
y earn' residence  in  London,  did  much 
to  introduce  a  knowledge  of  Oermao 
chemistry  and  Qerman  teachiog 
methods  in  England,  and  who  from 
186S  establish^  the  modem  Berlin 
school  of  chemistry.  It  would  be 
impossible  to  enter  here  into  detaila 
as  to  how— mainly  through  the  infiu- 
ence  of  these  three  men — the  work 
b«gun  by  Liebig  and  Wohler  waa 
extended,  and  how  especially  also 
the  great  development  of  chemical 


b,Goo(^lc 


THE  ATOMIC  VIEW  OF  NATURE. 


middle  of  the  century.      It  thus  happened  that  a  vanety       «. 
of  circumstances  combined  to  bring  into  prommence,  and  [P^"!^ 
Hubeequeutly  into  general  acceptance,  the  modern  view  of  JJ'i^'J^f 


indiudy  in  Oermany  wu  brought 
about ;  a  areation  almnt  as  ch&rac- 
teristio  of  Qflmuui  iuteUect,  Uld 
probkbl;  more  lutinBljr  beneGoi&l, 
than  the  politick  ohangea  whicb 
mark  th«  s&me  period  in  history. 
More  important  for  a  history  of 
Thought  is  it  to  note  how  Eolbe 
attached  himself  to  the  school  of 
Wohler  otiil  Beraeliua,  and  triad  to 
preserve  the  continuity  of  thought 
m  developing  the  fruitful  ideat  con- 
tained in  the  writing*  of  the  UtWr. 
"He  united  the  oonclueione  from 
hJB  own  reiearchea  with  the  declin- 
ing theory  of  Berzeliua  ;  he  endued 
the  latter  with  new  life  b;  throw- 
ing aside  whatever  of  it  waa  dead, 
and  replacing  this  b;  vigoroua 
principles.  From  bis  own  and  other 
mvestigations  he  ouoe  to  the  oon- 
duaion  that  the  unolterabilitj  of 
radicles,  a*  taught  b;  BerzeliuB, 
could  no  longer  be  maintained,  since 
the  facts  of  substitution  had  to  be 
taken  into  account."  He  especially 
dereloped  Beneliui's  idea  of  paired 
compounds.  (See  E.  v.  Meyer'a 
'History  of  Chemistry,'  p.  295.) 
Kolbe's  joint  work  with  Frankland 
was  of  the  greatest  importance  to 
science.  The  ioSuence  of  Kolbe 
was  also  largely  of  a  polemical 
nature,  inasmuch  as  he  and  some 
others,  notably  F.  Mohr  (whoee 
name  will  have  to  be  mentioaed  in 
a  later  chapter),  protested  energeti- 
cally against  the  formal  character 
of  much  of  the  writings  and  work 
produced  by  the  f^ivnch  school 
which  oppueed  the  views  of  Ber- 
mUus.  This  school,  of  which 
Dumas,  Laurent,  and  Qerhardt 
were  the  founders,  and  which 
exerted  *  very  marked  and  beneScial 
influence  through  the  teaching  and 
th«  Saisbed  litem;  productions  of 


WurU  (1817-84),  waa  oIomI^  aUied 
with  the  school  of  Kekulj  in  Oer- 
muiy,  who  indeed  began  by  logi- 
cally developing  QGrbaTdt's  idcM, 
being  afterwards  led  to  special  fiewB 
and  methods  of  his  own,  through 
which  he  became  the  re^l  founder 
of  the  Bo-oalled  stnictural  formulfc, 
and  of  the  doctrine  of  the  linking 
of  atoms.  I  must  here  especially 
record  my  indebtedneea  to  the  ad- 
mirable historical  essays  of  WurUi 
{'Th&iriB«tomique,'7"'ed.,  1893, 
and  '  History  of  Chemical  Theory,' 
transl  by  Watt«).  For  cleamesa 
and  elegance  of  style,  tiiey  are 
quite  as  marked  aa  are  Kopp's 
historical  works  for  breadth,  im- 
partiality, and  philosophical  in- 
sight. 

'  The  adherents  of  the  theory  of 
substitution  and  types,  sometimes 
called  the  ' '  modern, "  also  the 
"Frenoh,"  school,  urged  against 
the  followers  of  Beneliue,  which 
adhered  to  the  "  electro-chemical " 
or  "  radicle "  view,  that  since  on 
electro- pod tive  element  could  be 
replaced  by  a  oontiary  one,  there 

polar  difference.  They  pointed  out 
that  orgttnic  substances  were  not 
electrolytic ;  and  they  criticised  the 
artifici4l  invention  and  multiplica- 
tioa  of  new  radicles  which  luul  no 
real  existence,  as  arbitntfy.  On 
the  other  side,  the  followers  of 
Berzelius  objected  to  the  entire 
ignoring  by  the  new  school  of 
the  really  existing  electro -chemi- 
cal differences,  and  reproved  them 
for  having  destroyed  the  connec- 
tion between  organic  and  inorganic 
chemistry,  and  for  having  intro- 
duced a  purely  formal  syst«matisa- 
tion  according  to  merely  externa 
differences.     1%ey  righ^  upheld 
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the  "  atomicity  "  or  "  valency  "  of  chemical  subetances — 
be  they  elements  or  compounds.  This  most  recent  de- 
velopment of  chemical  Bystematisation  originated  in  Eng- 
land,' whereas  the  "  radicle  "  theory  belonged  more  to  the 


the  vien  thtX  bd  understanding  of 
cbemiciJ  reaction!  must  ultim&teljr 
depend  upon  &  study  of  the  nature 
and  degree  of  chemical  ofHnitjp,  and 
maintained  that  so  far  the  connec- 
tion of  chemical  with  electrolytic 
phenooiena  afforded  tlie  only  clue 
to  the  comprehension  of  the  nature 
of  chemical  afBnity.  The  atomic 
tiienry  had  now  abaorbed  all  in- 
terest, to  the  detriment  of  a  phyiu- 
cal  theory  of  chemical  affinity  such 
as  BerthoUet  had  attemjited.  It 
was  held  that  by  ignoring  the 
electro  -  chemical  diflerencee,  the 
"modem"  school  lost  the  only  re- 
maining chance  of  explaining,  and 
not  merely  dattifying,  chemical  phe- 
nomena. A  good  BipositioD  of  the 
latter  argument  will  be  found  in 
A.  Ran,  '  Die  Theorien  der  raoder- 
nen  Chemie.' 

'  The  number  is  small  of  the  Eng- 
lish names  which  about  the  middle 
uf  this  century  Hgured  prominently 
in  the  discussions  by  which,  in  the 
Oerman  and  Freoch  annals  of 
science,  correoter  views  on  the  con- 
stitution of  chemical  cumpouuds 
were  gradually  elaborated.  Kaue's 
work  wsa  oirerlooked,  but  William- 
ton.  Odling,  and  Frankland  have 
had  a  very  marked  influence  ;  and, 
as  in  so  many  other  sciences,  pioneer 
work  in  modem  chemistry  was  done 
in  this  country,  notably  by  Frank- 
land,  Liebig,  after  his  visit  to 
England  in  1837,  wrote  to  Wiihler  : 
"  I  have  traversed  England,  Ireland, 
and  Scotland  in  all  directions,  have 
seen  much  that  is  astonishing,  but 
have  leamt  little  :  whence  ii  scien- 
tific knowledge  to  come  in  England, 
as  the  teachers  are  so  inferior'! 
Among  older  men,  Thomson  is  still 
the    best;    among    youngei-    men, 


Orsbam  :  modest  and  unaaauiniog, 
he  makes  the  moat  beautiful  dia- 
coveries.  Nevertheless,  a  splendid 
nation,"  &c  ftc.  ('Liebig's  uod 
Wohler's  Briafwechsel,'  voL  L  p. 
113.)  From  what  I  stated  above 
(chapter  iiL  p.  296,  Ac),  we  are, 
however,  quite  prepared  to  find 
that  the  idea  which  more  than  any 
other  has  brought  some  order  and 
sysWm  into  modem  ohemical  theory, 
and  which  baa  united  the  diverg- 
ing currents  of  the  foreign  echools, 
has  come  from  En^aod.  Frank- 
land  more  than  any  other  must 
be  looked  upon  as  the  origina- 
tor of  the  modem  theory  of  the 
atomicity  or  valency  of  chemical 
elements  and  compounds.  The 
history  of  this  oonoeption  can  be 
well  studied  in  the  collection  of 
scien  tiflc  papers  which  be  published 
with  valuable  introductions  in  1877 
('  Experimental  Researches  in  Pure, 
Applied,  and  Physical  Chemistry.' 
London,  van  Voorat).  His  re- 
searches commenced  in  those  yeara 
wlien  great  confusion  existed  in  or- 
ganic chemistry,  "when  the  wildest 
theories  of  the  constitution  of  or- 
ganic compounds  created  but  little 
surprise ;  the  assertion,  for  instance, 
that  ao  atom  of  carbon  was  united 
with  four  atoms  of  hydrogen  and 
tiro  of  chlorine  would  scarcely  have 
been  considered  intrinsically  impro- 
bable, and  certainly  not  impossible  " 
{loc.  cit..  p.  26).  The  idea  e:iisted 
that  bodies  could  enter  into  combin- 
ation with  other  bodies,  notably  or- 
ganic radicles,  and  could  still  retain 
in  such  combination  their  original 
affinities  unimpaired  ;  a  new  term, 
that  of  "conjugate,"  "copulated." 
or  "paired"  compounds,  had  been 
invented  and  adopted  l^  Beraelius. 
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German,  and  the  "  type  "  theory  to  the  French,  school  of 
chemists.  But  the  idea  of  the  "  atomicity  "  and  "  valency  " 
or  saturating  capacity  of  the  element  of  any  subetance  was 
not  poaeible  without  the  clear  notion  of  the  "  molecule  " 
ae  distinct  from  the  "  atom."  This  idea  had  lain  dormant 
in  the  now  celebrated  but  long  foi^otten  law  of  Avogadro, 
which  was  established  in  the  year  1811,  almost  immedi- 
ately after  the  appearance  of  Dalton's  atomic  theory. 

The  atomic  theory  may  be  r^rded  in  two  distinct       jj. 
ways,  and  it  is  instructive  from  the  point  of  view  of  the  oftii«'^ 
history  of  thought  to  see  how  these  two  different  aspects  theoiy, 
of  the  theoiy  have  gradually  presented  themselves.     The 
older  and  v^ue  atomic  theory  professed  to  be  a  theory  of 
the  constitution  of  bodies,  and  to  afford  the  basis  for  an 
explanation  of  physical  phenomena ;  in  order  to  do  this, 
forces  of  attraction  and  repulsion  between  the  particles  of 


It  appetra  that  Ibii  theory  wm 
largely  hatei  upuc  a  compouDd 
prepared  by  BuDsen,  and  called 
"cacodyl."  Thu  compuuud  was  one 
o(  the  few  orB^i'i  radicles  which 
contained  a  metal — araenic.  Ftbd  k  - 
land,  partly  alooe,  partly  in  union 
with  Kolbe,  entered  upon  a  aeriea 
of  research  ee  which  had  two  diatinct 
objecta,  Both  theee  objects  were 
foreign  to  that  Bchool  which  hod 
given  up  the  radicle  theory,  and 
which,  by  looking  upon  organio 
compouads  as  eaaentially  difl^nt 
from  inorganic  compoundi,  bad  lost 
that  important  clue — the  connec' 
tion  oE  the  two  brancbei  of  chemii- 
try.  Theae  objects  were  the  ieola- 
tioD  of  the  so-called  radicles  or 
compound  elements  and  the  pre- 
paration of  other  "  organo- metal- 
lic "  bodies.  The  latter  research 
led  to  new  insight  into  the  oatuie 
of  chemical  combiuations.     "I  had 


not  proceeded  far,"  says  Frankland, 
"  in  the  investigation  of  the  oi^no- 
metalUo  oampounds  before  the  facts 
brought  to  light  began  to  impress 
upon  me  the  existence  of  a  Hiity  in 
the  maximum  combining  value  or 
capacity  of  saturation  in  the  metal- 
lic elements  which  had  not  before 
been  aunpecled.  ...  It  was  evi- 
dent that  the  atoms  of  zinc,  tin, 
arsenic,  antimony,  kc.,  had  only 
room,  so  to  speak,  for  the  attach- 
ment of  a  Sxed  and  definite  number 
of  the  atoms  of  other  elements,  or, 
as  I  should  now  express  it,  ol  the 
bonds  of  other  elements.  This 
hypothesis,  which  was  communi- 
cated to  the  Royal  Society  on  Hay 
10,  1852,  constitutes  the  bonis  of 
what  has  since  been  called  the  doc- 
trine of  at«Qiicity  or  equivaleuce  of 
elements ;  and  it  was,  so  far  as  I 
am  awHre,  the  first  announcemeat 
of  that  doctrine"  (ibid.,  p.  14G). 
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matter  had  to  be  assumed,  and  elaborate  calcnJations  as  to 
the  int^ral  or  resultant  effect  of  these  elemeutar7  forces 
had  to  be  institnted,  or  at  least  formulated.  An  interest- 
iDg  and  typical  case  of  these  attempts  was  the  theory  of 
Boscovich,  referred  to  in  the  last  chapter.'  In  looking 
back  OD  the  history  of  science,  it  can  now  be  safely  stated 
that,  ingenious  as  those  theories  were,  they  led  to  no  re- 
sults in  the  direction  of  the  calculation  of  the  molar  tatd 
molecular  properties  of  bodies,  or  if  they  did,  they  yielded 
none  which  could  not  be  gained  by  the  opposite  view  which 
regarded  matter  as  continuous.  The  atomic  theory,  how- 
ever, did  good  service  from  another  point  of  view,  when 
through  Richter,  Dalton,  Proust,  and  Berzelius  the  fact 
that  bodies  combine  only  in  definite  proportions  of  weight, 
or  their  simple  multiples,  became  firmly  established.  The 
authors  of  this  discovery  were  driven  to  the  atomic  view 


'  See  Also  BerthoUet,  'Statique 
chimique,'  1S08,  toL  i.  :  "Lee 
puiuaDceB  qni  produiseot  lea  pbia- 
omiraeg  chimiques  aoDt  Mutes  ddri- 
yiea  de  Vattraction  muCuetle  de* 
moleculea  dea  corpa,  k  laguells  od  ■ 
donod  le  nom  iftiCBnite,  pour  la 
diitinguer  de  ratCrftction  utrono- 
mique.  II  est  prolnble  que  Tune 
et  I'autre  ne  aont  qu'une  mSme 
propri^W  (p.  1).  "11  y  a  dea 
•ciences  qui  peuveut  parvenir  b  uu 
certain  degri  de  perfection  sang  le 
aecoura  d'aucuae  ch6orie,  et  aeule- 
ment  par  le  moyen  d'un  ordre  ar- 
bitrairequ'ondtablitentreleBobser- 
TatioDs  dea  faita  naturela,  dont  ellee 
I'occupent  principalement ;  mail 
il  n'en  eat  pna  le  meme  en  chimie, 
oil  lea  obaervatione  doivent  naltre 
preaque  tou jours  de  I'eip^rience 
mdme  et  oil  lea  taitu  r^eultent  de  Is 
reunion  factice  dea  circouatancea  qui 
doiveiit  lea  produire.  Four  tenter 
lea  eip^rienoea,  il  faut  avoir  un  but, 


etre  guid£  par  une  hjpotb^.  .  .  - 
ainai  lea  auppoeltiona  plua  ou  moina 
illuaoiree  et  meme  dea  chimkea  qui 
aont  aujourd'hui  ridicules,  mala  qui 
ODt  eagagi  aui  tentatives  lee  plua 
laborieusea,  ont  4t6  n^ceasairea,  an 
lierceau  de  la  chimie.  Par  leur 
mojen  lee  faita  ae  aont  mulUplt^ 
UD  grand  nombre  de  propri^t^ 
a  ^t^  constat^,  et  pluaieura  arts 
ae  aont  perfeetionn^ "  (p.  4). 
"  Si  lea  propri^t^  chimiquea  dee 
differentea  aubatancee  eont  duea  k 
leur  afBnit^  et  i,  leuis  diapoeitioiu 
particuliires,  oellea  dee  combin- 
aiaoQs  qu'ellea  forment  dependent 
de  la  saturation  respective,  dea 
chaagementa  de  constitution  qui 
Bont  due  a  I'actioD  r^iproque,  du 
degre  de  la  force  qui  maintient  la 
combiaaiaon ;  ainai  lea  proprietea 
des  aubsUmcea  aimplea  aont  uoD 
eeulement  la  cause  dea  combinaisoDs, 
mwa  encore  celle  de  leuri  proprea 
aSections"  (vol.  ii.  p.  5C>2). 
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of  matter  as  the  most  convenient  method  of  expressii^  the 
formulte  of  chemical  compounds.     Ever  since  that  time       ». 
the  atomic  view  has  served  as  a  kind  of  symbolism  by  ^l^- 
which  different  chemical  elements  could  be  characterised, 
their  compounds  described,  and  the  actual  weights  prac- 
tically calcnlated.     And  here  we  must  note  the  reserve 
with    which   some   of    the  greatest   representatives   of 
chemical  science  expressed  themselves  up  to  the  middle 
of  the  century  regarding  the  actual  physical  existence  of 
thoee  eleinentary  particles  with  which  they  operated  bo 
freely  in  their  formulae,  and  which  they  even  represented 
by  balls  and  coloured  discs  in  their  demoDBtrations. 
Wollaston,  one  of  the  firat  who  accepted  Dalton's'  views 


'  Dallou  do«a  not  Mem  tfl  hftve 
been  troubled  br  »□;  pbilosophtc&l 
doubt*  or  b;  tbe  ■nticipation  of 
the  mathemktictl  diScultie*  which 
would  atwid  in  the  way  of  tt  cod- 
aiatent  development  of  tbe  atomic 
view.  He  was  led  to  formulste  md 
employ  his  atomic  theory  by  ponder- 
ing oier  the  most  convenient  man- 
ner in  which  certain  chemical  facts 
—the  facta  of  definite  and  multiple 
proportions — and  wrtMn  physical 
diacovenea — the  separate  existence 
of  aqueous  vapour  from  tbe  other 
oonatituents  of  tbe  tir — could  be 
repreaented,  and  ha  adopted  the 
view  sugoeated  by  Newton  io  hie 
'Queries/ "that  matter  wu formed 
in  solid,  massy,  hard,  impenetrable, 
movable  parttolea "  (see  Sir  H. 
RoBcoe,  '  John  Dalton,'  Century 
Series,  p.  12S,  Ac.)  Wollaston  and 
Davy  were  much  more  cautious : 
the  former  (oreeaw  the  complicated 
and  far-reaching  mathematical  pro- 
blem! which  were  invotved  in  the 
atomic  view,  tbe  latter  thought 
the  geoeraliaatioQ  premature.  His 
labours  bad  been  largely  in  the 
direction   of   showing  that  bodies 

VOL.  L 


which  had  been  looked  upoD  a* 
elementary  were  oompound,  and 
he  "doubts  whether  we  have  yet 
obtained  elements"  (ibid.,  p.  IBG). 
Even  as  late  aa  1S26,  in  hie  award 
to  Dalton  of  the  Koyat  Hedal,  he 
speaks  of  hia  "Development  of  the 
Chemical  Theory  of  Definite  Pro- 
portions, ittuaUy  ealUd  ike  Jlontio 
Theirry,"  he  emphasiaea  ita  praotioai 
usefulness,  "  making  the  statica  of 
chemiatry  depend  upon  aim  pie 
queations  in  subtraction  or  multi- 
plication, and  enabling  tbe  student 
to  deduce  an  immense  number  of 
facts  from  a  few  well  authenticated, 
accurate,  experimental  reeulta."  He 
refers  to  Wollaston'a  table  of  equi- 
valent*, which  "  separatee  tbe  prac- 
tical part  of  the  doctrine  from  the 
atomical  or  hypothetical  part. "  It 
hai,  in  fact,  been  maintained  that 
the  hesitancy  which  Wollaston  dis- 
played on  this  subject  deprived  him 
of  hia  well-deserved  share  of  the 
glory  which  the  intj-oduction  of  the 
atomic  view  of  matter  baa  abed 
upon  Dalton  and  Berzeliua.  (See 
Peacock,   '  life  of  Dr  Toung,'  p. 

les.) 
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as  to  fixed  and  multiple  proportions,  expressed  himself 
with  great  reserve  as  to  the  value  of  the  atomic  hypothesis, 
and  when  drawing  up  a  table  of  atomic  weights,  he  pre- 
ferred to  call  them  equivalents — a  term  used  already  hj 
Cavendish — as  implying  no  other  meaning  than  that  they 
fix  the  proportions  in  which  bodies  combine  into,  or  sep- 
arate out  of,  compounds.  Davy  was  hesitating  and  re- 
luctant to  admit  any  hypothesis  as  to  the  ultimate  con- 
stitution of  matter.    Liebig '  and  Faraday,^  at  a  somewhat 


'  "  In  cDdeavouriDg  hi  develop 
the  theory  which  at  preaeot  pre- 
vails Topecting  the  c&um  of  the 
unchangeablcDeu  of  chemical  pro- 
portioDB,  let  it  not  be  forgotten 
that  ita  truth  or  falsehood  baa 
nothing  whatever  to  do  with  the 
natural  law  itself.  The  latter  is 
the  eipreuioD  of  universal  eiperi- 

and  immutably,  however  our  no- 
tions respecting  ita  cause  may  from 
time  to  time  vary  and  change." 
Thus  wrote  Liebig  ('  Familiar  Let- 
ters on  Chemistry,'  1841)  at  a  time 
when  great  confusion  existed  as  to 
the  real  atomic  or  smalleBt  com- 
bining weights  which  should  be 
assigned  to  the  chemical  elements  ; 
when  in  consequence  many  chemists 
preferred  to  discard  the  word 
"atomic  weight"  altogether,  and  t» 
revert  to  the  term  equivalent  (see 
Kopp,  ' Entwickelung  der  Chemie,' 
p.  718,  Ac.)  Dumas  in  1840  de- 
clared that  the  term  atomic  weight 
did  not  deserve  the  confidence  with 
which  chemists  made  use  of  it :  if 
he  could  he  would  banish  the  word 
atom  from  chemistry,  convinced  as 
he  was  that  science  should  not 
transgress  the  limit  of  that  which 
could  be  known  by  experience. 
Liebig,  in  1839,  about  the  time 
when  his  important  memoirs  on  the 
conelitutioD  of  organic  bases  and 
acids  appeared  in  his  'Annals,'  em- 


phasised likewise  the  fact  that 
equivalents  never  change  ;  but  h« 
doubted  whether  chemists  would 
ever  agree  as  to  the  relative  atomic 
weights,  and  he  hoped  the  timewaa 
not  far  distant  when  they  would 
all  return  again  to  equivalent* 
(ibid.,  p.  43S).  In  France  an  in- 
fluential school,  headed  by  tho 
eminent  M,  Berthelot,  up  to  the 
present  day  limits  itself  to  the  use 
of  equivalents.  See  Berthelot,  '  La 
Synthise  ohimique,'  7™  6d.,  p. 
184  n. 

''  The  objoctiona  which  Faraday 
urged  against  the  notion  of  atom 
and  atomic  weight  seem  to  come 
from  a  diSerent  quarter.  In  1334. 
when  explaining  his  reeearchee  on 
electro  -  chemical  action,  he  says 
('Eiper.  Res.,'  No.  888):  "If  we 
adopt  the  atomic  theory  or  phrase- 
ology, then  the  atoms  of  bodiea 
which  are  equivalents  to  each  other 
in  their  ordinary  chemical  action 
hftvo  equal  quantities  of  electricity 
naturally  associated  with  them. 
But  1  must  confess  1  am  jealous  cif 
the  term  atom;  for  though  it  ia 
very  easy  to  talk  of  atoms,  it  ia 
very  difficult  to  form  a  clou-  idea 
of  their  nature,  especially  when 
compound  bodiee  are  under  consid- 
eration."  Ten  years  later,  in  his 
'Speculation  touching  Conduction 
and  the  Nature  of  Matter'  (see 
'Eiper.    Re*,'   voL    iL    p.    285), 
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later  date,  appeared  Bimilarly  averse  to  admit  the  physical 
existence  of  atoms  in  the  older  sense,  aiid  warned  chemiste 
f^ainst  the  introduction  of  nnnecessary  and  unproven 
hTpothesea.  £ven  Gerhardt,  as  late  as  1S56,  opposed 
the  idea  that  chemical  formulae  could  express .  the  actual 
constitution  of  substances :  they  were  merely  a  convenient 
symbolism,  a  kind  of  alphabet,  by  which  reactions  between 
different  elemente  or  compounds  could  be  conveniently 
described,  and  the  proportional  weighte  of  the  constituents 
or  the  producto  could  be  ascertained.^  Accordingly,  it  was 
also  mainteined  that  formula  could  be  written  in  very 
different  ways,  expressive  of  the  different  processes  and 
reactions  which  had  in  special  cases  to  be  considered.' 

Although,  therefore,  chemical  research  was  governed  all 
through  the  century  by  the  atomic  view  of  matter,  it  does 


he  lajs:  "The  word  atom,  nhich 
can  Dever  b«  UMd  without  bvolving 
much  that  is  pur«1;  bTpothetical, 
ia  often  inteniied  to  be  UMd  to 
eiprew  a  aimple  fact.  .  .  .  lliere 
can  be  no  doubt  that  the  words 
defiuiM  proportions,  equiTalenta, 
prime*,  kc.,  which  did  luid  do  et- 
preu  fully  all  the  faeU  of  what  i> 
usually  called  the  atomic  theory  in 
chemistry,  were  dismissed  because 
the;  were  not  eipressiTe  enough, 
and  did  not  say  all  that  was  in  the 
mind  of  him  who  used  the  word 
atom  in  their  stead ;  they  did  not 
express  the  hypothesis  as  well  as 
the  fact."  He  then  eulargee  on  the 
necessity  of  the  atomic  view,  and 
expresses  his  preference  for  the  form 
which  BoBcovich  had  given  to  it  over 
"  the  more  usual  DDtion,"  as  accord- 
ing to  the  latter  "  matter  consists 
of  atoms  and  intervening  spaoe," 
whilst  with  the  former  "matter  is 
everywhere  present,  and  there  ia  no 
intervening  apM«  unoccupied  by  it." 


(ilHd.,pp.290,291).  It  U  evidently 
the  objection  to  action  at  a  dis- 
tance, uncommunicated  kction, 
which  is  implied  in  the  ordinary 
atomic  view  of  matter,  that  makes 
Faraday  jealous  of  the  term  atom. 
Tbi*  objactioa  was  quite  foreign 
to  the  chemiata  abroad  who  in  the 
middle  of  the  century  elaborated 
the  atomic  view  ot  matter  and  na- 
ture 1  it  belongs  to  a  different  direc- 
tion of  thought,  which  wilt  occupy 
ua  in  a  lat«r  chapt«r. 

'  In  his  "Traits  de  Cbimie  or- 
ganique,'  which  he  brought  out  aa 
a  continuation  of  the  EVench  edi- 
tion of  Beraeliua'a  '  Treatiae  of  In- 
organic Chemiatry'  in  the  yeara 
ISnS  to  ISfiS.  See  Kopp,  'Bnt- 
wickelung  der  Chemie,'  pp.  747, 
790,  f ""' 


I,  S19,  I 


Even  the  combining  weight 
or  equivalent  ot  an  element,  that 
datum  upOD  which—aince  Richter 
and  Dalton— the  whole  system  ot 
cbenietry  has  been  built  up,  was 
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not  appear  that  philoBophers  considered  the  existence  and 
uBefulnees  of  chemical  formolse  as  a  proof  of  the  physical 
existence  of  atoms,  or  of  smallest  indivisible  particles  of 
matter,  in  the  older  sense  of  the  theory.  Hand  in  hand 
with  this  purely  formal  and  experimental  treatment  of 
chemical  phenomena  went  the  almost  absolute  n^lect 
with  which  qaestions  referring  to  chemical  affinity  were 
treated.  The  word  was  little  more  than  a  name  for  an 
unknown  something. 

How  it  came  to  pass  that  substances  had  more  or  less 
affinity  for  each  other,  what  was  meant  hy  a  chemical 
compound,  symbolically  expressed  by  writing  two  or  more 
letters,  near  or  above  each  other,  in  a  square  or  in  a  circle, 
united  by  parentheses  or  brackets,  did  not  seem  to  trouble 
chemical  philosophers  at  alL  To  compare  the  problem  of 
chemistry  with  that  of  astronomy,  the  former  for  a  great 
part  of  our  century  resembled  that  phase  of  astronomical 
knowledge  in  which  stellar  maps'  and  catalogues,  plans  of 
orbits  and  orreries,  were  considered  sufficient,  giving  a  pic- 
ture of  a  certain  constellation  of  the  heavenly  bodies,  but 
no  idea  of  how  these  configurations  were  medntained  and 
altered.  In  fact,  chemistry  was  for  a  long  time  a  science 
purely  of  numbers,  to  which  was  attached  a  natural  his- 
tory of  the  substances  to  which  these  numbers  belonged. 
The  geometrical  arrangement  of  the  formuhe  was  usually 
looked  upon  as  only  symbolical :  of  tbe  dynamical  changes 
which  take  place  in  time,  and  imply  the  knowledge  of 

coDBider«d   lo   b«   reprtseoted   bj  ReDdiu,'1844,ToLzix.p.lOSO,M;i: 

more    thao    ooe    Dumber    in    in-  "LeinSme  corpaumple  u  prdeeote 

tUnoe*  where  the  aame  meUl  hul  UnUt   &t«c   certaiiies   praprUbia, 

Bevenil  baeto  or  B«id  oxides,  w  id  tanUt  avec  d'autrei,  il  eatre  docs 

the  use  of  nitrogen  and  phosphorug  les  corps  compost,  tantAt  aveo  ud 

(ibid.,  p.  SOS).    IjturcDtiD  'Comptes  certain  poidi,  taDtfrt  avec  un  autre." 
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forces  or  movements,  few  took  any  notice  whatever.     In 
Bpite    of  the  enonnoue  accumalation  of  well-arrai^ed 
knowledge,  and  the  marvellons  practical  achievements  of 
chemistry,  the  foremost  historian  of  that  science  could, 
as  late  as  1873,  write  as  follows :  "  Ko  theory  has  as  yet       ai. 
been  formed  in  chemistry  which,  starting  from  a  definite  <^emiMi 
principle,  attempts  to  deduce  the  results  of  experience  as  ""• 
necessary  consequences.     The  doctrines  which  have  been 
termed  in  chemistry  theoretical  are  still  only  such  as  per- 
mit us  to  bring  connection  into  the  results  which  praotieal 
chemistry  has  gained  in  special  directions ;  or  to  form  a 
picture  how  we  might  think  of  them  as  mutually  related."' 


'  Eopp,  'Eutnickeluiig  der  Che-   I 
mie,'  1878,  p.  844.    A  gsDeratioD 
«vlier  DuDiu  had  written  ('Comp- 
ter   Rendua,'  vol.   x.,    1S40,   pp. 

171,  176,  178) :  "  Dma  lea  vuea  de  ' 
I'^lBctrochiini*  la  nature  do  leura  , 
portiuules  ^dmeaburaa  doit  ddMr-  ' 
miner  lea  propri4t&  fondamentAlea 
des  corps,  tandia  qu«  daiu  la  th^orie  i 
dea  aubetitutions,  c'est  de  la  ntuo-  : 
(ion  de  ces  particulea,  que  tea  pro-  | 
pri^t^  ddrivenl  Burtout.  .  .  .  L«  I 
th&irie  dea  t;pea  .  .  .  explique  ce 
que  la  loi  dea  aubatitutioDB  se  con-  ' 
lenta  de  pr^ciaer.  Elle  enviaaga  I 
tea  corps  organiquea  comma  jt«nt  j 
form^B  dea  pnrticulea,  qui  peuveat  ! 
Stre  d^plac^  et  remplac^,  aani 

3ue  Is  corpa  aoit  ddtruit,  pour  ainei 
ire.  .  .  .  Voilik  done  en  prdaence 
deux  Bjat^mea:  I'uu  qui  attribue 
le  rOle  principal  b  la  nature  dea  6[6- 
menta,  I'autre  qui  la  r^rre  pour 
le  nombre  et  rarra 
^uivalenU.  Fouied 
ehacun  d'eux  ■  .  ■ 
conduire  &  I'abBurde."  In  1861 
KekuM,  in  hii  '  Lehrbuch  der  or- 
gaoiachen  Chemie'  {vol,  i.  p.  96), 
d«clarra  tliat,  "  beaidea  the  l»ws  at 
fixed  and  multiple  proportiona  of  I 
iTWght  (and  in  gaaeoui  bodiea  alao  | 


ot  volume],  chemUb?  Iiad  a*  jtt 
diicoTered  no  exact  lawa,  .  .  .  and 
all  so-<slled  theoretical  conoepUona 
merely  pointa  of  view  which 
i  probability  or  oonveni- 
And  Wurti  ('La  Th&jrie 
atomique,'  18  S3}  apeaki  of  the 
atomic  hjrpotheaia  in  terma  whicb 
might  lead  one  to  think  w«  were  on 
the  eve  of  an  entirely  difierent  con- 
ception of  the  phenomena  of  nature  j 
■  iDdronBl'hypothdseai 


grouper,  de  !e»  ralier  eotr*  eux  et 
d'en  prJToir  de  nouveauz,  auiai 
longtempa,  en  un  mot,  qu'elle  ae 
moQtren  f&»nde"  (p.  2).  "Lee 
consid^rationa  aur  la  Taleur  de  com. 
binaiaon  daa  dldmenta  aurvivraient 
k  I'hypoth^  dea  atomot  ai  celle-d 
venait  k  JItre  remplacte  un  jour 
par  une  bypath^  pUia  gdndra]& 
Haia  ce  jour  n'eat  paa  arrivd  ;  c'eab 
TaiaemeDt  qu'on  chercherait  &  dia- 
crMiter  la  premiire  auwi  longtempa 
qu'elle  se  montrera  ficonde.  Et  aa, 
f&»ndit^,  aa  puiaaance  Aclatent  dans 
lea  progr^  inoesaants  de  la  science. 
C'est  elle  qui  Tivifie  lea  dtouvertea 
les  plua  T^centea,  comme  elle  a  ibi 
depuia  Dalton  son  immortel  aut«nr. 
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ThiB  statement  implies  that  even  as  late  as  the  end  of  the 
third  quarter  of  the  century,  foremost  thinkers  hesitated  to 
attach  a  more  than  provisional  importance  to  chemicalsym- 
bolism  and  the  various  elahorations  of  the  atomic  theor7, 
as  chemical  text-books  then  exhibited  them.  Similar 
merely  provisional  theories  have  existed  in  other  branches 
of  science.  The  theory  of  the  two  Quids  in  electricity 
did  good  service  for  a  long  time  in  enabling  philosophers 
to  define  their  ideas,  to  describe,  calculate,  and  predict 
phenomena.  In  optics,  the  so-called  corpuscular  theory 
of  light  is  still  used  with  advantage  as  a  convenient 
means  of  summarieing  the  laws  of  reflexion  and  re- 
fraction ;  similarly,  in  treatises  on  the  conduction  of  heat, 
the  old  caloric  theory  still  holds  a  place  alongside  of  the 
more  modem  dynamical  views.  It  may  be  questioned 
whether  the  celebrated  periodic  law  of  Newlands,  Lothar 
Meyer,  and  Mendel^efT,  which  has  brought  some  order 
into  the  atomic  and  other  numbers  referrmg  to  the  dif- 
ferent elements,  and  has  even  made  it  possible  to  predict 
the  existence  of  unknown  elements  with  definite  pro- 
perties, stands  really  in  a  firmer  position  than  the  once 
well-known  but  now  forgotten  law  of  Bode,'  according  to 

'  Aixwrdiog  to  th«  relntioD,  first 
□bserred  by  Christian  Wolff  sad 
Daniel  Titius,  that  the  dislaDcoi  of 
the  plsnets  from  the  sun  obey  &p- 
proKimately  the  fomiuls  D'4  +  O'S 
X  2",  where  n  for  Venua,  Earth, 
Msre,  its.,  uaumes  the  vtJuee  0, 1,  2, 
JK.,  the  planet  correapondiag  to 
n=3  wss  missing.  When,  on  the 
discoveiT  of  Umniu  in  17SI,it*aa 
found  thst  this  planet's  distance 
also  agrees  approximately  with  the 
formula,  Bode  and  von  Zoch  drew 
attention  to  thia  fact,  and  gugguted 
a  syatematic  learch  for  the  misaing 


i  le  plus  parfait  pour 
les  cooceptioDS  ^lev^  de  la  thdorie 
et  le  guide  le  plus  bOt  pour  les 
recherchesexpdrimentale9"(p.  241). 
And  quite  moumf  ull;  does  Kopp  re- 
port st  the  close  of  his  bistoricol  sur- 
vey of  the  development  of  chemistry 
('EDtwickeluDg,'Ac.,p.  829)howthat 
sdenoe  about  1860  again  "turned 
into  the  course  which  it  had  tried  so 
often,  and  had  so  often  abuidoned 
aa  hopeless,  endeavouring  to  gun 
ft  knowledge  how  th*  elementary 
atoms  are  arranged  in  the  smallest 
particles  of  their  compounds." 
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which  the  gap  in  the  eeriea  which  gives  the  diatances 
of  the  planets  from  the  sun  indicated  the  eziBtence  of  a 


pluiet,  "kchereher  uneMguilleduiB 
uue  botM  de   foin."     About   tbe 

ooDtempkted  Piaxsi  found  the  firat 
of  th>  lautU  ploneti,  which  —  like 
tbe  other  aubeequently  diacoTered 
aatoroidB — coireeponds  veiy  neirlj 
with  the  eipected  poaition  in  the 
>Tat«m.  The  periodic  sjatem  of 
the  elcmenta,  according  to  which 
the  phyiic&l  and  chemical  pro- 
pertlM  of  tH  the  elementa  abow 
k  periodic  dependence  upon  the 
atomic  weighta,  wu  Gnt  ajratem- 
aticall;  stated  by  Newlands  (in 
1864)  and  b;  Lothu-  Hejer  anil 
Mendeldeff  od  tbe  Continent,  The 
Utest  edition  of  Meyer'a  treatiae  oo 
"Hodem  TheorieB  of  Chemistry,"  of 
which  only  the  firat  port,  with  the 
title  'Die  Atome  und  ibre  Eigen- 
echaften  '  has  been  published  (post- 
humously by  the  autlior'a  brother, 
Brealau,  189S),  Kivee  a  good  idea  of 
how  from  sniall  beginninga  these 
atatistica  of  the  atomic  theory  of 
matUr  have  grown  into  a  great 
accumulation  oE  interaating  facte, 
upon  which  a  ayatem  of  inorganic 
chemiatry  can  now  be  based  which 
oompare*  with  tbe  ayatem  of  or- 
ganic chemiatry  founded  upon  the 
types  of  Oerbardt  in  their  orig- 
iDal  or  in  aome  modified  form, 
and  upon  the  "homologous"  series 
of  hydrocarbon  compounds.  As 
the  topical  arrangement  of  organic 
compoilnda,  or  rather ,  of  carbon 
compounda  (for  many  real  organic 
oompounda  are  not  easily  classed 
by  these  methods),  led  to  the  aug- 
gcation  of  the  eiiatence  of  many 
compounda  which  were  not  known 
at  tbe  time,  and  have  since  been 
prepared,  so  the  periodic  arrange- 
ment enabled  Hendel^eff  to  predict 
the  propertiea  of  miaainft  numbera 
ot  the  periodic  aeriee.  And  al- 
though thia  mapping  out  of   tbe 


elements  according  t»  their  atomic 
weights  doea  not  indicate  how  and 
where  the  missing  numbers  are  to 
be  found,  aa  is  the  case  with  the 
taw  of  Titiua  and  Bode,  and  atiU 
more  ao  with  the  homologous  series 
carbon  compounda,  atill  it  is 
it«reating  to  be  able  to  Btst«  that 
I  aeveml  inatanoas  —  notably  on 
le  discovery  of  the  new  elements, 
gallium  (by  Leooq  de  Boitbaudran 
in  1S7S),  scandium  (by  Nilsou  in 
1880),  and  germaoium  (by  Winkler 
in  18S3)  —  the  propertiea  of  these 
aubetances  confirmed  to  a  very 
great  extent  the  predictions  of 
Mendel^Q'.  And  when  b  1S94 
Lord  RayUigh  and  Professor  Kam- 
say  announced  their  discovery  of  a 
new  element  in  atmoapheric  air, 
which,  from  its  inertaees,  was 
called  argon,  interesting  suggea- 
tions  aa  to  its  properties  were 
drawn  from  apeculations  regarding 
its  probable  position  in  the  periodic 
curve  [aee  Ixithar  Heyer,  toe.  eit., 
p.  165).  It  is  true  that  these 
numerical  regulsritiee,  which  fur 
aome  minds  possess  a  great  fascina- 
tion, are,  so  far,  purely  atatistical. 
It  La  poaaible  to  arrive  by  inter- 
polation or  extrapolation  at  valu- 
able suggestions  in  statistics,  in 
meteorology,  and  in  mining  opera- 
tions ;  but  so  long  as  the  actual 
cause  or  intrinsic  connection  is  not 
known,  which  explains  the  neces- 
aity  of  these  regularities,  they  are 
apt  to  be  misleading,  and  have  to 
be  used  with  great  caution.  Still, 
the  fact  alone  that  they  bring  some 
order  into  a  bewildering  mass  of 
figures  and  data  makes  them  al- 
most indispensable.  For  similar 
reasons  many  chemists  adopted 
Qerhardt's  typee  and  homologous 
series  as  afiTording  a  ready  method 
of  classification,  though  not  a  ra- 
tional eipUnatJoD  of  phenomena. 
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planet  between  Mars  and  Jupiter,  anticipating  the  dis- 
covery of  the  Asteroide,  which  have  accordingly  been 
regarded  as  the  fragments  of  the  missing  planet. 

It  thus  appears  that  purely  "  chemical  reasoning,"  as  it 
has  been  called,  has  proved  insuf&cient  to  establiBh  the 
"i?i'i?^"'  atomic  view  of  nature  on  the  same  firm  basis  as  has 
supported  the  mechanical  or  astronomical  view  ever  since 
the  f^e  of  Galileo  and  Kewton*  In  the  second  half  of 
the  century,  the  atomic  view  of  matter  has  however 
been  put  forward  from  a  different  side,  and  independent 
researches  have,  in  combination  with  the  older  chemical 
theories,  introduced  so  much  definiteness  into  this  line 
of  thought  that "  the  Newtonian  theory  of  gravitation  is 


'  "  ISaay  dutgrami  aod  modeli 
of  Dompound  tuoleculM  bftve  been 
coiutructed.  Theae  are  the  re- 
oordt  of  the  effurts  of  chetniaU  t« 
imagiiui  coDfigurSitioiii  of  materinl 
■yatenu  by  the  geometrical  rela- 
tion of  wbich  chemEcal  pbenomeiik 
may  be  illuitrsted  or  eipUiced. 
No  chemist,  however,  profeseea  to 
tee  in  these  diagrama  &Q;tbiiig 
more  tbaii  aymbolic  Teprewntations 
of  the  varioui  degreei  of  cloeeDeea 
with  nbicb  the  different  com- 
poDenta  of  the  molecule  are  bound 
together.  In  aalrouomy,  on  the 
otber  hand,  the  configuratioaa  and 
motions  of  the  heavenlf  bodiea  are 
on  such  a  scale  that  we  can  ucer- 
tuD  then  by  direct  obBerratJon ; 
.  .  .  the  doctrine  of  universal  gtavi- 
tatiou  not  only  eiplaiOB  the  ob- 
■errsd  motions  of  our  ayBtem,  but 
enablea  us  to  calculate  the  motions 
of  the  flyatem  in  which  the  a*lro- 


"On  the  Dynamical  Evidence 
of  the  Molecular  Consdtutioo  of 
Bodice,"  June  1876,  'Scientific 
Papera,'  toL   ii   p.   418).      "The 


chemists  ascertun  by  experiment 
the  ratios  of  the  mssaes  of  the 
different  Bubatancea  in  a  compound. 
From  these  they  deduce  the  chemi. 
cal  equivalents  of  the  different  sub- 
stances, that  of  a  particular  eub- 
Btance  being  taken  as  unity.  The 
only  evidence  made  uae  of  is  that 
furnished  by  chemical  combination. 
It  is  also  asanmed,  in  order  to  ac- 
count for  the  facta  of  combination, 
that  the  reason  why  substaocea 
combine  in  definite  ratios  is,  that 
the  molecules  of  the  subetanca 
are  in  the  ratio  of  their  cbemital 
equivalenta,  and  that  what  we  call 
combination  is  an  action  wbich 
takes  place  by  a  union  of  a  mole- 
cule of  one  subatanoe  to  a  molecule 
of  the  other.  This  kind  of  raason- 
ing,  when  presented  in  a  proper 
form,  and  sustained  by  proper  evi- 
dence, has  a  high  degree  of  ci^ncy. 
But  it  is  purely  chemical  reasoning; 
it  is  not  dynamical  reasoning.  It 
is  founded  on  chemical  experience, 
not  on  the  laws  of  motiou"  (Id. 
article  "  Atom,"  '  Encj.  Brit.,'  1875 ; 
ibid.,  vol.  ii.  p.  *6«}. 
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not  surer  to  us  now  than  ia  the  atomic  or  molecular 
theory  in  chemistry  and  physics — so  far,  at  all  events,  as 
its  assertion  of  heterogeneousneas  in  the  minute  structure 
of  matter,  apparently  bom<^eneou8  to  our  senses,  and  to 
our  most  delicate  direct  instrumental  tests."  ^ 

This  side  of  the  atomic  view  of  matter  has  been  de-  te. 
veloped  by  the  study  of  the  properties  of  bodies  in  the  t^forjot 
gaseous  state,  and,  in  its  modem  form,  goes  back  to  the 
experiments  of  Gay-Lussac,  which  were  almost  simul- 
taneous  with  those  of  Dalton.'  It  is  interesting  to  note 
how  little  the  latter  recognised  the  importance  of  these 
researches,  when  he  rejected  the  so-c&lled  law  of  volumes, 
according  to  which  gases,  under  the  same  pressure,  and 
at  equal  temperatures,  enter  into,  or  separate  out  of, 
chemical  combination  in  definite  and  very  simple  pro- 
■  portions  of  their  volume.  As,  according  to  the  law  of 
definite  proportions,  bodies  (including  gases)  combine  only 


'  Lord  EelviD  od  "  CftpUUiy  At- 
traclioD,"  1880.  See  '  Popular  Lec- 
tures and  Addreasea,'  vol.  i,  p.  4. 

'  Tb«  fint  reaulU  referring  to 
the  combiuiiig  volumes  of  oiygea 
knd  h;drogeii  gu  in  formuig  w^ter 
were  given  b;  Qsy-Lussoc  and 
Humboldt  in  a  joint  memoir.  Their 
etperimenti  were  curled  on  in 
1806.  G&f-LiUBBC  continued  the  ei- 
perimeote  ftlone,  eit«nded  (hem  to 
gMeous  compounds,  and  published 
his  resulU  in  1309  in  the  second 
volume  of  the  '  M^moires  d'Arcueil' 
This  wss  one  year  after  the  publi- 
eation  of  Dallon's  '  New  System 
of  Chemical  Philoaopbj,'  and  two 
years  after  Thoinas  Thomson  had 
published  a  sketch  of  the  atonic 
theory  in  his  text-book  on  Chem- 
istr;.  The  law  of  equal  eipauaioii 
of  all  gosee  with  temperature  was 
published  by  Dolton  in  1801 ;  the 


law  of  pressuTGa— that  the  volume 
of  a  gas,  at  the  same  temperature, 
i«  invarMly  as  the  pressure — was 
published  by  Boyle  in  1662.  It 
goea  on  the  Continent  under  the 
nanie  of  MariotW,  who  Brst  made 
it  generally  kuown  about  twelve 
years  later  (see  on  tlus  the  fourth 
appendix  to  the  2ud  edition  of 
Toit'a  '  Properties  of  Matter,'  1S90). 
The  law  of  temperatures  was  pub- 
lished ID  1S02  b;  Oay-Lussoc  in 
the  '  Annoles  de  Chimie  et  de  Phjs. 
iqua'  (voL  iliiL  p.  137),  where  he 
remarks  that  Charlee,  Professor  of 
Phyxics  at  the  "  Conservntoire,"  had 
fifteen  yeore  earlier  noted  the  prop- 
erty indicated  by  this  law.  Both 
these  so-called  laws  of  gases  are 
only  accurate  within  oertoin  [not 
very  wide  limite  of  lempernture  and 
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according  to  definite  proportione  of  their  weight,  it  follows 
that  in  the  gaseoue  state  these  combining  weights  of  bodies 
have  either  equal  volumes  or  such  ae  stand  in  very  simple 
proportions.  Now  the  amount  of  matter  (measured  by 
weight)  in  the  same  volume  is  called  the  density  of  a  gas. 
It  therefore  follows,  by  putting  Dalton's  and  Gay-Lussac's 
discoveries  together,  that  the  combining  weights  of  gases 
are  either  directly  proportional  to  their  densities  or  to  a 
simple  multiple  thereof.  Some  years  after  this  diecoveiy 
in  1809,  Qay-Lussac  extended  his  statement  so  as  not 
only  to  embrace  elementary  gases,  such  as  hydrogen, 
oxygen,  and  nitrogen,  but  also  compounds,  such  as  am- 
monia, carbonic  acid,  hydrochloric  acid,  and  showed  bow, 
if  they  enter  into  chemical  combination,  they  likewise  do 
so  in  the  simple  proportions  of  one  volume  of  one,  to  one 
or  two  volumes  of  the  other. 

Whilst  chemists  such  as  Gay-Lussao,  Berzelius,  and 
others^  recognised  in  the  facts  discovered  by  the  first  a 


'  DaltoD  wu  the  only  person  who 
doubwd  the  coirectness  of  G»j- 
Luuac's  figures,  although  both 
Thomson  nod  Berzelius  pointed  out 
to  him  the  great  support  they 
•fforded  to  the  stomic  theory. 
Berzelius  alio  saw  the  usefuhiet!* 
of  the  law  of  volumes  in  Sxiag  the 
smaUest  combining  or  atomic  num- 
bers in  cases  where  the  referenos  to 
weight  aioDB  left  the  matter  unde- 
cided. Thus  he  correctly  inferred 
that  the  formuhi  of  water  should 
be  H,0,  as  we  write  it  Co-day,  be- 
cause two  volumea  of  hydrogen 
eombined  with  one  of  oxygen.  But 
it  was  unfortunate  that,  through 
hia  want  of  appreciation  of  Avo- 
gadro'a  further  eipoaitionB,  he  was 
unable  to  reconcile  more  completely 
the  appeal  to  volume  with  that  U) 


weight,  and  that  in  coDsequenoe 
great  uncertainty  rragned  for  a  long 
time  in  these  m»t(«lH.  This  in- 
duced L.  Omelin  to  disregard  the 
volumetric  relatjona  in  his  system 
of  equivalents,  to  the  great  detri- 
ment of  those  who  In  the  middle  %f 
the  century  were  brought  up  with 
very  vague  and  unsatisfactory  ex- 
planations on  this  subject — differ- 
ent numbers  being  used  in  books 
on  organic  and  inorganic  chemiBtr7. 
A  great  confusion  existed  at  that 
time,  Gerhardt  showing  good  rea- 
sons, based  upon  his  observatioDS  of 
the  substitution  of  hydrogen  in  or- 
ganic compounds  and  the  system  of 
classification  which  he  inlroduced, 
why  several  of  Qmelin's  figure* 
should  be  doubled  ;  but  the  matter 
was  not  cleared  up  till  Cannizzaro 
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method  for  determiniDg  the  combining  weights  of  elements 
or  their  simple  multiples,  they  did  not  draw  the  natural 
consequences  aa  to  tho  physical  constitution  of  bodies  in 
the  gaseous  state  which  followed  from  these  and  other 
facts  which  had  been  known  before.  It  had  been  known 
since  the  time  of  Boyle  and  Mariotte  that  equal  volumes  of 
different  gases  under  equal  pressure  change  their  volumes 
equally  if  the  pressure  is  varied  equally,  and  it  was  also 
known  through  Gay-Lussac  himself  that  equal  volumes  of 
different  gases  under  equal  pressure  change  their  volumes 
equally  with  equal  rise  of  temperature.  The  like  be- 
haviour of  equal  volumes  of  different  gases  towards  pres-  ''J 
sure,  temperature,  and  chemical  combination  suggested 
to  Avogadro,  and  almost  simultaneously  to  Amp^ro,  the 
very  simple  assumption  that  this  is  owing  to  the  fact  that 
equal  volumes  of  different  gases  contain  an  equal  num- 
ber of  smallest  independent  particles  of  matter.  This  is 
Avogadro's  celebrated  hypothesis.  It  was  the  first  step  in 
the  direct  physical  verification  of  the  atomic  view  of  mat- 
ter, and  it  maintained  by  further  experience,  it  was  des- 
tined to  be  one  of  the  moat  important  proofs  of  this  view. 
But  this  assumption  or  hypothesis  had  to  be  reconciled 
with  facts.  It  was,  for  instance,  ottserved  that  a  given 
quantity   of    hydrochloric   acid    gas   occupied   the   same 


BbaiTed  the  real  meaning  and  im-  I  ally  the  graphio  deacri^tioD  by  L. 

partBQce  of  Avogadro'a  hypotbeeis.  Heyer  himself  of  the  meeting  held 

A  good  exposition  of  the  difference  I  iu   September    1B60  at   CorUruhe 

of  opioioDa  which  were  held  at  that  for  the  purpose  of  ventilating  these 

time  will   be  found  in  A.   Wurtz,  I  iinport«ut  theoretical  queeCiona  (T.. 

'  La  Thriirie  atumique,'  p.  55,  kc,  Meyer's  tranalatiuu  of  Canniiizaro'B 

See  also  Frof.  Bedson'a  '  Meninrial  ,  '  Siinto    di    un    corao    di    fltosofia 

Lecture'  on  Lothar  Meyer  (1896),  i  chimica,'   in    Oalwald's    'Claasiker 

in   the  'Journal  ot  the  Chemical  |  der  eiactea  Wiuenschaften,'  No. 

Society,'  p.   619,   Ac.,  and  eapeci-  .  SO,  Appendix,  p.  58). 
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volume  as  did  each  of  the  equivaleDt  quaDtitiea,  hydn^n 
and  chlorine,  out  of  which  it  was  compounded,  and  it 
appeared  that  accordingly  double  the  number  of  atoms 
were  condensed  into  the  same  volume.  To  e:iplain  this, 
and  yet  maintain  his  original  hypothesis,  Avogadto  was 
forced  into  the  conception  of  compound  atoms  or  particles 
— i.e.,  into  the  assumption  that  the  smallest  independent 
particles  need  not  be  the  elementary  atoms  of  hydrogen 
and  chlorine  themselves,  but  might  be  made  up  of  two 
or  more  of  such  atoms,  chemically  connected  in  such 
a  way  that  the  expansion  of  the  gas  under  increasing 
t«mperature  or  decreasing  pressure  did  not  affect  this 
complex  of   elementary  particles.'     Such   a   compound 


'  Avogadro  publiahed  hU  memoir 
in  the  '  Jounuil  de  Physique '  in 
1811,  and  Ampere  expounded  gimi- 
Ur  views  three  years  later  in  the 
form  of  a  letter  to  Bertbollet  in  the 
'Annales  d«  Chimie.'  Neither  the 
celebrity  of  Amp^  nor  the  ex- 
hauative  eiplanaUons  of  Avogadro, 
who  was  then  an  unknotrn  author, 
preTented  this  hypotheBJe,  which 
w  now  looked  upon  as  a  comer- 
itone  of  the  atomic  view,  from 
falling  into  oblivion.  Whenell 
doea  not  mentioD  it.  Even  Kopp, 
whose  laboura  for  many  years 
covered  a  field  little  cultivated  by 
moat  other  chemists,  that  of  physi- 
cal chemistry,  makes  no  mention 
of  Avogadro  B  and  Ampere's  hypo- 
thesis in  his  great  work  on  the 
History  of  Chemiatry,  published 
between  the  yeara  1848  and  1347. 
Id  his  later  work  ('Die  Entwickelung 
der  Cbemie,'  1873}  he  enters  ela- 
borately into  the  causes  which  made 
chemical  philosophers  overlook  so 
valuable  a  suggestion  (p.  353,  &c.) 
Like  Whewell's  History,  Poggen- 
dorf'a  Dictionary  (1893)  was  ail- 
eat  about  Avogadro.     The  distinc- 


tioD  between  molecules  and  atoms 
seemed  to  complicate  matters  ;  be- 
sides, the  new  bypotheeis  was  not 
launched  in  conjunction  with  any 
new  eiperimentil  discoveries,  aa 
had  been  the  case  niUi  Daltoo's, 
Davy's,  and  Gay-Lusaac'i  theories. 
The  Erst  who  again  drew  attenUon 
to  the  subject  was  Dumas,  who  in 
182S  b^iao  bis  investigations  re- 
garding the  apeciFic  weight  of 
vapours — i.e.,  of  bodies  in  a  gaseous 
state.  He  there  drew  attention  bo 
the  necessity  of  distJoguishing  be- 
tween chemical  and  physical  par- 
ticles, but  be  does  not  yet  con- 
sistently uae  the  terms  atAin  and 
molecule  to  denote  the  former  and 
the  latter.  In  the  meantime,  how- 
ever, a  very  important  st«p  had 
been  taken  in  the  development  of 
the  atomic  view.  In  ISlSDulongand 
Petit  published  their  elperimental 
reaearchee  concerning  the  spedfio 
heat  of  a  large  number  of  element- 
ary bodies — 1.«.,  the  measured  quan- 
tities of  heat  (compared  with  » 
standard  substance)  which  were 
required  to  raise  a  number  ot 
metals  by  one  degree  in  tempent- 
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atom  or  complex  was  termed  a  molecule,  and  it  was 
assumed  that  molecnleB,  or  smallest  individual  particles 
of  chemical  substances,  might  be  made  up  of  one  or  more 
atoms  of  the  same  or  of  different  substances.  Avt^adro 
was  able  in  this  way  to  explain  how  a  certain  number  of 
molecules  of  hydrogen — each  made  up  of  two  atoms — 
combine  with  an  equal  number  of  molecules  of  chlorine ; 
these  being  likewise  composed  of  two  atoms  of  chlorine, 
in  order  to  form  an  equal  number  of  molecules  of  hydro- 
chloric acid,  each  of  these  conaisting  of  two  atoms — viz., 
one  of  chlorine  and  one  of  hydrc^n.  This  view,  which 
Ampere  likewise  adopted,  did  not  recommend  itself  to  » 
chemists  for  many  years ;  not  indeed  toll,  about  the  year 
1840,  several  eminent  chemists — notably  Laurent — were  ' 
independently  led  to  consider  chemical  compounds  as 
formed  by  what  is  termed  substitution  instead  of  simple 
combination.^     For,  according  to  Avogadro's  view,  the  for- 


aa  the  fuad^meiital  requiuM  of  all 
cbemiatr;,  ha  devoted  ao  much  lime 
and  labour.  It  rniut.  however,  be 
noted  that  the  Ifrv  of  DuloDg  and 
Petit,  Dov  univeraallj  accepted  aa 
a  fundamental  fact  in  the  atomic 
theoiy,  is,  aa  little  aa  the  laws  of 
Bo^le,  Charlca,  and  Oa;  •  Luaaac, 
rigidly  correct :  it  obtaina  within 
oertaiu  limita.  The  eiperimenta 
of  DuloDg  and  Petit  were  extended 
to  oompounda  b^  F.  Neumana  in 
1S31.  The  conn  action  of  the  apeoiGc 
heat  or  theroial  capacity  of  com- 
poundB  and  that  of  their  coD' 
atitueuta  iraa  fully  inveatigat«d  by 
Hegnault.  A  atatement  of  the  diffi- 
culties and  anotnaliea  which  adit 
eiiat  will  be  found  in  L.  Heyer'a 
'  Die  Atome  und  ihre  EigenacbafUn' 
(p.  78,  ke.) 

'  A  very  important  influence  in 
contributiog  to  the  gradual  recog- 


ture.  The;  then  found  that  tbeae 
quantities  stood  very  nearly  in  in- 
Terse  proportions  to  the  atomic  or 
combinin);  numbera.  Tbey  at  the 
aame  time  pointed  out  the  un- 
certainty which  —  in  consequence 
of  the  law  of  Gied  multiple  pro- 
portions—  existed  regarding  the 
amallest  figure  which  was  to  deter- 
mine the  combining  weights ;  they 
chose  those  numbera  which  brought 
out  clearly  the  physical  r^uUrity 
and  coincidence  which  tbey  bad  dis- 
covered ;  and  they  expressed  their 
result  in  the  rule  that  the  atoma  of 
all  elementary  bodiea  have  the  aame 
Ckpacily  for  heat.  Whereas  Ber- 
mliua  ignored  the  theoretical  dis- 
cussions of  Avogadro  and  Ampire, 
he  hailed  the  experimental  data 
of  Dulong  and  Petit  as  most  useful 
in  helpbg  to  ftx  correctly  the  real 
equivalent  numbers,  a  task  to  which, 
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mation  of  the  molecule  of  hydrochloric  acid  depended  upon 
an  exchange  of  places  of  the  atomic  constituente  in  the 
molecules  of  the  elementary  substances,  an  atom  of  chlor- 
ine being  substituted  for  an  atom  of  hydrc^n  in  the 
hydrogen  molecule,  and  vice  versd  in  the  chlorine  molecule. 
About  the  middle  of  this  century  the  conviction  waa  thus 
firmly  established  in  the  minda  of  chemical  philosophers 
that  the  simple  Bymbolisut  by  which  Dalton  and  Berzelius 
expressed  chemical  combinations  and  processes  was  in- 
sullicient  for  the  purpose  of  systematically  arranging  the 


nit[oa  of  the  difference  between 
atom  and  molecule  beloDge  &1h>  to 
Oerbardt,  who  emphasiBed  a  fact 
kaowD  alreadf  to  Berzeliua — vii., 
that  hydrogen  according  t«  his 
□otatioD  appeared  to  combine  with 
other  bodies  always  in  paired  atom*. 
ThU  fact  remaiped  unnoticed  if  the 
atomic  number  of  hydrogen  waa 
put  at  1,  oiygen  at  8,  an  wae  done  by 
English  chemists  and  reintroduced 
by  Omelia.  BerzeliuB  did  not  attach 
a  fundamental  importance  to  this 
fact.  BlomatrandCDieChemieder 
Jetztieit,'  1869,  p.  30)  has  shown 
that  this  originated  in  his  clinging 
to  LaToiaier 'a  oiygen  theory.  Oiy- 
gen was  mads  the  centre  and  meati- 
ure  of  everything  in  chemittiy,  also 
of  the  equiTsleace  of  subatancea : 
Berzelius  thus  started  from  a 
unit  which  was  too  largo,  and  with 
which  tbe  smaller  value  of  hydrogen 
could  not  be  measured.  Qerhardt 
fully  recognised  the  importance 
of  tbis  fact ;  showed  iu  many 
examples  that  the  combining  or 
atomic  weight  of  hydrogen  had 
been  tiled  too  high ;  and  proposed 
to  halve  most  of  the  organic  for- 
mulie.  In  this  way  be  pniposed 
to  bring  harmony  into  the  tiieory 
of  combining  volumes  and  the 
atomic  theory.  He  partially  suc- 
ceeded in  doing  so,  although  in  tbe 


case  of  inorganic  element*  he  went 
too  far.  This  important  step, 
which  bas  been  extolled  by  some, 
and  depreciated  by  other  historians 
of  chemistry,  is  lucidly  expounded 
by  Rau  in  his  'Theorien  der  mo. 
dernen  Chemie '  (voL  ii.  p.  107,  Ac.) 
Wurta  ('Theorie  atomiqua,' p.  6*) 
considers  Oerhardt's  inSuence  as  a 
reform,  and  alludes  to  it  as  bringing 
again  into  view  the  hypotheeis  of 
Avogadro  :  "Voili  le  ^ime  d'Avo- 
gadro  at  d'Ampire,  qui  revient  k 
I'horiKon,  comme  une  ^toile  diri- 
geante.  apr^  une  longue  <klipse. 
£t  pourtant  on  ne  peut  pas  dir« 
qu'elle  ait  ^t^  pour  Qerhardt,  & 
cette  ^poque  du  moina,  un  guide 
exclusif,  Les  considerations  mat- 
treaaes  qu'il  a  invoqu^  sont  platttt 
d'ordre  purement  chimique.  Ellea 
^talent  juatee,  et  il  s'est  tniuv^ 
qu'elles  concordHient  avec  une  id^ 
dgalement  juste,  et  qui  itaittombtfe 
dans  I'uubli,  La  distinction  entr« 
deux  eap^cea  de  petitea  particules, 
molecules  et  atonies,  qu' Avogadro 
et  Amp6re  avaient  intnxluite  in- 
utilement  dans  la  science,  que  li. 
Dumas  avait  essayd  de  fure  revivrv 
dans  sa  Philoaoplue  chimique,  cett« 
distinction  ^tait  peut-etre  f(ut« 
dans  I'esprit  de  Qerhanlt,  mais  elle 
n'apparaissait  pas  encore  dani  son 
langage." 
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growii^  volume  of  chemical  knowledge ;  that  the  concep- 
tion of  the  atom  must  be  extended  and  more  closely  de- 
fined ;  that  the  proportions  of  weight  were  inadequate  for 
the  purpose  of  distinguishing  and  identifying  the  many 
otganic  compounds ;  and  especially  that  the  relationB  of 
volume  and  the  arrangements  of  particles  of  matter  in  space 
must  be  taken  notice  of,  if  the  atomic  view  of  matter  was 
to  be  made  further  serviceable  for  scientific  purposes.  That 
purely  geometrical  relations,  such  as  can  be  grasped  only 
by  our  space  conceptions,  are  of  importance  in  the  chem- 
ical composition  of  substances,  was  very  evident,  for 
instance,  in  some  of  the  optical  properties  of  crystallised 
organic  substances.  The  discoveries  of  Pasteur,  published 
in  1850,  mark  in  this  respect  an  epoch  in  science.'  Ke  dii 
showed  that  there  exist  chemical  substances  which  are 
different,  but  only  as  a  right-hand  glove  differs  from  a 
left-hand  one,  a  right-handed  screw  from  a  left-handed. 


itSthB 


iMOTUTOf 

cUnlltr." 


^  A  special  line  of  "  phyiical  "  or 
"mechEuiical"reBBDiiiiig  which  bean 
upon  the  atomic  t[sit  of  matter  be- 
gan with  Biot's  di«eo«ry  in  1816 
that  certaJD  fluide — not«bl;  organic 
— have  the  property  of  rotating  the 
plane  of  polariiation  of  light  which 
pHBBeB  through  them.  Later  on  he 
extended  thia  obserratioa  to  the 
vapour*  formed  bj  such  fluid*. 
Faraday  found  in  1846  that  eub- 
stancee  which  are  optically  "in- 
active "  become  active  in  the 
manner  deecribed  under  the  influ- 
ence of  powerful  electra-magneta. 
An  eiplanation  of  the  phenomenon 
by  Freanel,  which  waa  baaed  upon 
uryatallina  Btruoture,  would  — for 
liquids  and  vapours — have  to  be 
applied  to  the  structure  of  the  mole- 
cule itself.  Pasteur  found  in  18.10 
that  there  exist  two  modifications 


of  tartaric  acid,  which  differ  in  this 
only,  that  one  of  them  turns  the 
plane  of  poUrisation  to  the  right, 
the  other  to  the  left,  and  that  a 
mixture  of  both  in  the  proper  pro- 
portions is  inactive.  As  far  back 
as  1860,  in  hia  '  Le<;oDa  de  Chimie,' 
'      put   the   question,    "  whether 


a  right- 


ranged  like  the  turns  of 
htmded  screw,  or  situatec 
cornera  of  an  irregular  tetrahedron, 
or  have  they  any  other  asyinraetrical 
grouping! .  . .  There  can  be  no  doubt 
that  the  atoms  hare  an  unsym- 
metrical  arrangement  after  the  fash- 
ion of  mirrored  images  which  cannot 
be  made  to  fall  into  each  other " 
(quoted  by  Van't  Hoff,  '  Die  Lager- 
ung  der  Atome  im  Raume,'  Qer- 
man  translation,  Snd  ed.,  p.   9). 
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the  inu^  in  a  mirror  from  the  original.  Was  it  possible 
any  longer  to  suppress  the  conviction  that  the  smallest 
particles  of  matter,  in  forming  chemical  compounds,  do 
so  not  only  in  definite  proportions  of  weight,  but  also  iu 
definite  geometrical  distances  and  positions  ? 

About  the  middle  of  the  century  the  atomic  view  of 
matter  had  thus  received  coneiderable  modifications.  Or- 
iginally  suggested  only  to  explain,  describe,  or  symbolise 
the  fact  that  different  substances  combine  in  fixed,  and 
especially  in  fixed  multiple  proportions,  it  had  to  be 
modified  by  a  recognition  of  the  fact  that  in  gases  at  least 
a  distinction  exists  between  particles  which  are  closely 
knit  together — as  it  were,  geometrically  inseparable — and 
such  as  can  move  away  from  each  other.  The  latter 
explain  the  increase  of  volume  under  increasing  tempera- 
ture or  decreasing  pressure.  Geometrical  distance  came 
in  as  the  means  of  distingiiiehing  the  molecule  from  the 
atom.  And  lastly,  about  1860,  the  phenomena  of  right- 
and  left-handedness,'  discovered  by  Pasteur,  suggested  the 
idea  of  geometrical  position  aa  well  as  of  distance.  The 
Atom  had  become  a  molecule,  with  a  definite  geometrical 
arrangement. 

It  took,  however,  a  full  generation  before,  in  the  second 
half  of  the  century,  these  different  su^estions  for  a  modi- 
fication of  the  atomic  view  became  clear,  before  philo- 
sophers took  seriously  the  opinion  that  molecules  and 
atoms  existed  iu  reality,  and  were  not  merely  a  convenient 
symbolism,  as  many  great  chemists  during  the  first  half 
of  the  century  were  inclined  to  think.  This  change  in 
the  habit  of  chemical  thought  has  no  doubt  been  greatly 

1  Collftd  bj  Lord  Kslvia  "chinUty." 
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brought  about  by  the  development  of  the  so-called  kinetic 
theory  of  gases  in  the  second  half  of  the  century.  This  ia 
a  physical,  not  a  chemical,  theory. 

The  kinetic  theory  of  gases,  invented  for  the  purpose 
of  explaining  the  pressure  which  all  bodies  in  the  gaseous 
state  exert  on  the  walls  of  the  containing  vessels,  will 
always  be  identified  with  the  two  names  of  Clausius  in 
Germany  and  Clerk  Maxwell  in  England.*     But  if  we 

'  Before  the  atomioview  of  nutter 
bad,  in  tbe  course  ol  the  lut  fifty 
yiAn,  doeety  and  definitely  allied 
itaell  with  tlie  kinetio  view,  it  had 
been  allied  with  the  aitroDomical 
view  of  mfttter.  In  the  Uat  cen- 
tury uid  the  earlier  decades  of 
the  pr«ent  century  we  frequently 
flitd  the  behaviour  of  a  complei 
of  molecules  or  atoms  compared 
with  that  of  k  planetary  lyatem  ; 
but  in  addition  to  the  forces  of 
attraction,  those  of  repulsion  had 
ta  be  resorted  to  in  order  to  ex- 
l^n  the  eipansiTenees  of  gases. 
Heat  wu  then  considered  to  be  a 
material  substance,  the  particles  of 
which  repelled  each  other.  Dalton 
favouivd  this  view  in  the  introduc- 
tion to  his '  New  System  of  Chemical 
Philosophy  ' ;  so  did  Berthollet  and 
most  of  tie  French  physicists  who 
were  brought  up  in  the  school  of 
Newton  and  Laplace.  Lasswitz,  in 
his  '  Qeschicht«  der  Atomiitik '  (2 
vols.,  Hamburg,  1890),  has  traced 
the '  Decline  of  Kinetic  Atomism '  in 
the  seventeentli  century  under  the 
influence  of  the  '  Corpuscular  Philo- 
sophy. '  The  kinetic  view  of  matter 
was  allied  with  the  Cartesian  physi- 
cal philosophy,  which  was  dispelled 
by  Newtonianism  in  France  and  by 
Kant's  philosophy  in  Germany.  In 
consequence,  when  in  Germany  A. 
EriJDigpublished  his  'Qrund^iige 
einer  Theoiie  der  Gaae'  in  1S66, 
philcaopbers  who  bad  been  speculat- 
ing in  the  direction  of  a  Newtonian 
TOU  I. 


Foohner's  '  Atomen- 
lehre,'18G&;  Redtanbaoher's'Dyna- 
niideu  System,'  13G7;  and  other 
publications  quoted  by  Rosenberger, 
'Geschichte  der  Physik,'  vol.  iii.  p. 
6B8,  to.)  were  mneb  token  by  mir- 
prise.  It  had  the  immediate  result 
of  inducing  R.  Clausius,  who  had 
been  occupied  with  similar  re- 
searches since  1860,  to  publish  his 
celebrated  memoir,  '  Ueber  die  Art 
der  Bew^ung  welche  wir  Wtome 
nennen'  (Pof^;endorfs  '  Annalen,' 
vol.  c,  1867).  These  two  publica- 
tions  first  called  genenl  atlention 
to  the  subject.  Joule's  paper, 
which  appeared  In  the  '  Memoirs  of 
the  Lit.  and  Phil.  Soc  of  Han- 
chester,'  had  remuned  unnoticed, 
but  was  reprinted  by  him,  at  the 
request  of  ClaUMUs,  in  the  '  Philoso- 
phical Magazine '  (Ith  ser.  voL  ziv.] 
in  1867.  Subsequently,  the  re- 
searches of  Paul  du  Bois-Raymond 
and  others  unearthed  a  whole  list 
of  authors  who,  in  more  or  lee* 
definite  ways,  had  resorted  to  the 
hypothesis  of  a  rectilinear  trans- 
latory  motion  of  the  molecules  in 
order  to  explain  the  phenomena  of 
pressure  and  other  properties  of 
gases.  Among  tbeM,  Daniel  Ber- 
noulli (in  his  '  Hydrodynamica,' 
1788)  seems  to  have  eipreesed  the 
eldest  views,  and  he  is  now  usu- 
ally named  as  the  father  of  the 
hypotheus.  The  fullest  statement 
of  the  historical  data  will  be  found 
in  the  posthumous  second  edition  of 
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agree  to  date  the  real  birth,  not  the  incubation,  of  any 
scientific  idea  from  the  moment  when  it  was  set  forth 
in  definite  figures,  and  with  mathematical  precision  per- 
mitting of  a  precise  verification  by  actual  test,  the  modern 
theory  of  gases  was  bom  in  Manchester  in  the  school 
of  Dalton,  when  Joule  in  1857  actually  calculated  the 
velocity  with  which  a  paiticle  of  hydrt^en  at  ordinary 
atmospheric  pressure  and  temperature  must  be  moving, 
assuming  that  this  atmospheric  pressure  is  equilibrated  by 
the  rectilinear  motion  and  impact  of  the  supposed  particles 
of  the  gas  on  each  other  and  the  walls  of  the  containing 
vessel.  This  meant  taking  the  atomic  view  of  matter  in 
real  earnest,  not  merely  symbolically,  as  chemists  had  done. 
Joule  gave  up  the  older  and  vague  ideas  of  a  rotatory  or  a 
vibratory  motion  of  the  particles  of  a  gas  which  had  been 
floating  about  since  the  time  of  Hooke^  in  various  theories, 
and  adopted  the  suggestion  of  Daniel  Bernoulli,  known  to 
him  through  Herapatb,  that  all  particles  of  gaseous  matter 
are  in  a  natural  state  of  rectilinear  motion,  which  is 
changed  only  by  the  encounter  with  other  particles  or  by 
the  walls  of  the  containing  vessel  on  which  they  impinge, 
and  from  which  they  rebound.* 

CltkUBiua,  'Die  DiechaQiBche^mrme-  {   tbe  correct ooe,  and  thftt  NewtODian 

theorie'   (Brmuimcliweig,  1889.91,  I   («ttr*ctmg    "nd   repeUing)    torcea 

p.  2,  ftc. )    See  tilao  0.  E.   Mayer,  play  only  a  subordioale,  if  any,  |iart 

'  Die  kinetitche  Theorie  der  Onae '  |   in   the   obaervable   phenomena   of 

(2Dded.,BreHlau,1S65,parti.p.  11).  i   gueoua  bodice,  is  based  upon  Joule 

'  See Tait, 'Properlieeof  Matter,'  and  Thonuon'i  eiperimeDts  made 

2nd  ed.,  p.   289,  also  J.  F.  Joule's  in   18.^3.       It   belonga    to    quite    a 

Memoir  on  '  Heat  and  the  Constitu-  !   different  line  of  reaeoning,  neither 

tion   of  Elaetic   Fluide,'   1848,  re-  '   chemical  nor  mechanical,  but  going 

printed  in  'Scientific  Papers,'  vol.  upon  the  principle  introduced  into 

i.  p.  290,  &c.  scientific  thought  about  the  middle 

*  The  real  proof  that,  the  kinetic,  of  the  century,  tliat  beat  and  work 

in  contradistioctjon  to  what  we  may  are  convertible  terms  and  equivalent 

call   the   Kewtonian,   view  of  the  quantitiea.     Now,  it  was  generally 

motion  of  the  molecules  ot  a  goa  is  assumed,  before  Joule  and  Thomson 
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This  idea  of  the  rectilinear  motion  of  the  particles  of 
matter  in  a  tree,  i.e.,  a  gaseous,  state  (the  first  attempt  to 
explain  the  physical  properties  of  matter  by  giving  a 
numerical  value  to  a  molecular,  not  molar,  quantity)  was 
not  regarded  by  chemists,  for  it  was  indeed  of  little  use  in 
explaining  chemical  combinations  and  reactions.  It,  how- 
ever, very  soon  received  an  important  addition  iinder  the 
treatment  of  Clausius.' 

The  kinetic  theory  of  gases  had  not  been  propounded 
for  the  purpose  of  explaining  chemical  phenomena ;  it 
had  grown  out  of  repeated  attempts  to  explain  the  nature 
of  heat,  and  the  fact,  established  about  t«n  years  earlier 
by  Mayer  and  Joule,  that  heat  can  be  transformed  into 
the  mechanical  energy  of  molar  motion.  The  idea  sug- 
gested itself  that  if  heat  can  disappear  and  be  replaced 
by  the  measurable  motion  of  molar  (measurably  large) 
masses,  and  vice  veTsd,  heat  itself  may  be  merely  the 
energy  of  the  directly  immeasurable  movements  of  mole- 
cular (immeasurably  small)  masses;  and  as  every  body 

made  their  csrcful  experiments, 
that  if  gueoua  bodies  were  allowed 
tit  expand,  without  doing  work, 
DO  ctunge  of  temperature  took 
plaoe — Lt.,  thit  heat  neither  ap- 
peared Dor  disappeared.  This  would 
mean  that  do  worli  of  either  repel- 
ling or  atti«cting  forces  was  ilone. 
Joule  and  ThomsoD  ehowed  that 
there  was  indeed  a  very  slight  cool- 
ing, indkatiiig  that  a  smnll  amount 
of  heat  or  eneri^y  was  used  up  in 
doing  work  against  atCractiog  forties 
— the  forces  of  cohesion.  Had  re- 
pelling forceq  existed,  their  work 
would  have  ahown  itself  in  a  rise  of 
temperature.  This  line  of  reason- 
ing will  occupy  us  in  a  aubeequent 
chapter  (see  0,  E.  Ue;er,  'Theorie 
der  Qase,'  vol.   i.   p.   7,   &o.,  also 


iddle  of  the  <:entuiy  is  seen 
from  the  fact  that  only  after  Clau- 
sius  had  publiahed  his  first  paper 
(see  note,  p.  13S),  in  which  he  came 
to  the  conclusion  that  the  molecules 
or  smallest  physical  particles  of 
simple  (elementary)  substances  con- 
sist of  several  atoms,  was  his  atten- 
tion drawn  to  the  fact  that  some 
French  chemists,  notably  Dumas, 
Laurent,  and  Gerhsrdt,  had  already, 
by  different  arguments,  arrived  at 
the  conclusion  that  Che  molecule* 
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in  the  gaseous  st&te  shows  the  mechanical  energy  which 
we  call  pressure  or  expansiveness,  the  attempt  was  made 
to  explain  the  phenomena  of  expanBion,  presaure,  and 
temperature  of  gases  by  a  purely  mechanical  hypothesis. 
This  answered  remarkably  well.  On  the  assumption  that 
the  particles  of  a  perfect  gas  possess  a  rectilinear  motion, 
the  experimental  formula?  of  Boyle  and  Mariotte,  of  Dal- 
ton,  and  of  Gay-Lussac,  could  be  theoretically  deduced. 
It  also  became  evident  that  under  this  conception  the 
foi^tten  statement  of  Avogadro  must  be  correct,  accord- 
ing to  which  equal  volumes  of  different  gases,  under  equal 
pressures  and  at  equal  temperatures,  contain  an  equal 
number  of  freely  moving  particles. 

And  when  Clausius  showed  further  that  in  perfect 
gases  only  a  portion  of  the  quantities  of  energy  which 
are  measured  as  motion  or  as  heat  can  be  explained 
by  the  assumed  rectilinear  motion  of  the  particles  of 
gases,  and  that  an  internal  motion  of  the  particles  them- 
selves must  be  assumed,  the  new  ideas  became  still  more 
exactly  defined ;  they  included  the  conception  familiar  to 
chemists  of  compound  atoms  or  molecules.  The  smallest 
individual  particles  of  matter  in  the  free  state  were  them- 
selves not  simple  bodies,  but  systems  of  still  smaller 
particles ;  they  were  molecules  composed  of  atoms ;  the 
symbols  of  chemists  became  descriptive  of  real  physical 
conditions ;  the  vague  notions  of  radicles,  types,  or  com- 
pound atoms  b^an  to  acquire  geometrical  and  mechanical 
definitenesB. 

Thus  the  atomic  theory,  known  to  the  ancients,  revived 
by  Dalton  in  the  early  years  of  the  century,  and  em- 
ployed by  chemical  philosophers  for  half  a  century  as  a 
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convenient  symboliBm,  had,  about  the  year  1860,  been 


accepted  by  pbTsicists,  and  used  not  merely  as  a 
venient  symbolism,  but  as  a  physical  reali^. 

Joule  had  actually  calculated  the  velocity  of  &  particle 
of  hydrogen  gas.  The  atomic  view  of  nature  was  now 
taken  in  real  earnest.  To  establish  it  still  further,  there 
were  required  definite  numerical  data '  as  to  the  size  of 
the  smallest  particles  (henceforth  sometimes  called  atoms, 
sometimes  more  correctly  molecules)  and  their  number, 
and  also  clearer  views  aa  to  the  composition  of  the  mole- 
cules out  of  their  elements,  the  chemical  atoms. 

The  interest  which  attaches  to  this  latest  development 
of  the  atomic  theory  is  very  great :  it  has  brought  about 
a  \mion  of  the  researches  of  chemists  and  physicists,  and 
has  made  chemistry  a  province  of  natural  philosophy.'  No 
one  has  done  more  than  the  late  Professor  Clerk  Max- 


■  Numerical  data  regMrding  the 
siM  Mtd  number  of  uiuileit  phjii- 
Mt  paitiolea  cootuDed  in  a  gifen 
voluma  of  matter  have  been  nip- 
plied  bj  TariotiB  metboda  Or 

'■lin*>    nf     munninir."       Th 


I-   '*'?^"^ 


Kdvin'H  lecture,  "On  the  3u«  of 
Atomi "  (1888 :  reprinted  in  *  Pop- 
ular Lecture*  and  Addrema,'  vol. 
i.  p.  147  iqq-)  The  four  tinet  of 
reasoning  are  fauodad  an  the  un- 
dulatorj  theory  of  light,  on  the 
phenotoena  of  contact  electricity, 
on  capillary  attractjan,  and  on  the 
kinetic  theory  of  giae*.  They 
"  agree  in  showiiig  that  the  mole- 
culea  of  ordinary  matter  muat  be 
something  like  tiie  odo  ten -mil- 
lionth, or  from  the  one  ten-mil- 
liontli  to  the  one  hundred-millionth 
of  a  centimetre  in  diameter." 

■  "We  can  diaUnguiab  two  kind* 
of  notion,  atomic  motion  and  mole- 
cular motion.    ...   To  tbi*  dia- 


tiaction  correapoada  the  diviuon 
of  natural  pbiloaophy  into  phydca 
and  chemiitry,  not  rigidly,  yet  in 
■o  tar  aa  chemiatry  b  mainly  oc- 
cupied with  Uie  equilibrium  of  the 
atonu,  phyncB  with  the  mechanica 
of  the  moleculee.  Chemical  equil- 
ibrium, unchanged  condition  of  the 
moleculee,  eziata  if  the  afBnit; 
wtuch  holds  together  the  atomi 
equilibratea  the  forces  which  tend 
to  looaen  the  compoaltian  of  the 
molecule :   these  forces  consist  lu 


not  tl 


aeoordingly  in  a  chemically  stable 
compound  the  atomic  motions  re- 
naia  in  lasting  dynamical  equil- 
ibritun  with  the  chemical  forces,. .  • 
there  remains  for  the  examination 
of  the  purely  physical  phenomena 
in  the  first  itutance  only  the  mcJa- 
cular  movemenU"  (O.  E.  Ueyer, 
'Die  kinetiscbe  Theorie  der  Qaae,' 
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dark  Hut- 

Mutlitlis] 


well  to  develop  tbe  novel  conceptions  which  here  force 
themaelves  apoD  ub.  Especially  are  we  indebted  to  him 
for  the  idea — marking  an  epoch  in  the  histoty  of  scientific 
thought — of  the  difference  between  historical  knowledge 
of  natural  phenomena  and  a  merely  statistical  summary 
of  average  results.^  If  the  atomic  view  of  nature  has  to 
be  adopted  seriously,  as  the  development  of  the  kinetic 


'  See  Clerk  Mfturell'i  memoir, 
*  IlliutntioDs  of  tbe  DjDRmicat 
Theory  of  Ouea'  (1859:  reprinted 
ID  '  Scientific  Papers,'  vol.  i.  p.  377). 
ClHUBiu»  hftd  in  bia  lecond  piper, 
"  Oa  the  ftventge  mean  path  of  a 
particle"  (Poggendorf'e  'Annalen,' 
18G8),  giren  ■□  eipreasion  for  this 
quantity  a>  depending  on  the  aver- 
age diitance  of  two  particlea  and  on 
the  average  diameter  of  the  epbere 
of  action  of  a  particle.  As  these 
quantitiea  are  all  onlj  mean  or  aver- 
agequantitiee.hehad  bean  obliged  to 
resort  to  a  method  which  waa  then 
novel  in  phyeical  aoience,  the  method 
of  averagea  and  tbe  calculus  of  prob- 
ability,  which  i>  it«  mathematical 
eipranioD.  He  had  calculated  the 
probability  of  a  certain  motion  of  a 
particle.  Maiwell,  who  had  in  18E6 
been  engaged  in  writing  his  Adams 
priM  eiiaf  "  On  the  stability  of  the 
motion  of  Saturn's  rings, "  had  there 
ooniidered  the  possibility  of  these 
ring*  being  composed  of  a  cloud  of 
scattered  partJcles  moving  with  all 
possible  velocitiea  towards  each 
other  and  round  some  attracting 
centre  :  he  was  thus  familiar  with 
physical  problems  in  which  tbe 
given  data  could  be  only  average 
qaantitiee.  He  now  undertook  to  i 
develop  systematically  the  methods 
necessary  far  treating  such  prob- 
lems, of  which  we  have  only  atatia-  I 
tical  knowledge,  and  be  there  de-  ( 
veloped  bia  famous  law  which  givea 
the  distribution  of  different  veloci- 
ties in  a  crowd  of  particles  moving  I 


at  random  and  in  their  collision* 
Dlieying  tbe  condition  of  the  con- 
nrvaUon  of  energy.  Thia  investi- 
gation marks  an  epoch  in  matbe- 
Dtatical  phyuo  and  in  the  history 


ofil 


ivofni 


Like 


all  theorems  connected  with  the 
theory  of  probability,  it  has  pro- 
vokeda  large  literature,  the  founda- 
tions of  tbe  proof  and  tbe  diSerent 
atepa  in  tbe  logic  of  the  deductions 
having  been  examined  and  criticised 
in  the  moat  seambing  manner.  Tho 
eipresaion  given  by  Uaxwell  has 
stood  all  these  criticisms,— "  he  baa 
demonstrated  the  possibility  of 
calculating  in  a  strict  manner  th» 
average*  which  before  bim  bad  only 
been  estimated,  but  which  were 
required  for  a  further  development 
of  the  theory  of  gases."  See  0,  K 
Meyer,  '  Die  kinetische  Theorie  dar 
GlaBS,' 2nd  ed.,  voL  L  p.  45,  Ac,  where 
also  a  complete  account  is  given  of 
tbe  various  steps  by  which  the 
doubts  which  attached  to  Maxwell's 
theoriea  and  his  proofs  were  at 
length  removed,  and  tbe  "variety 
of  traps  and  pit  -  falls "  avoided 
"  which  are  met  with  even  in  the 
elements  of  tbe  subject "  (aee  Tait, 
"On  the  Foundation*  of  tlw  Kinetic 
Theory  of  Qaaes,"  "Trana.  of  the 
Royal  Soc.  of  Edinburgh,'  1886, 
vol.  xuiii.  part  1,  p.  66).  In  a 
later  chapter  of  tbia  history  I  in- 
tend to  trace  tbe  development  of 
the  statistical  view  of  nature,  and 
shall  then  have  occasion  to  revert 
to  this  subject,   . 
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theoT7  of  gases  suggests,  we  b^in  to  lealise  the  enormous 
numbers  of  individual  elements  of  matter  with  which  we 
have  to  do  in  any  physical  or  chemical  operation  or  ex- 
periment. The  step  which  enabled  mathematicians  to 
calculate  molar  and  cosmical  phenomena  by  looking  upon 
them  as  made  up  of  an  immeasurably,  nay  infinitely,  tai^ 
number  of  elementary  parts,  be  these  of  space  or  time, 
was  taken  by  Newton  and  Leibniz :  its  result  was  the 
inventioQ,  development,  and  application  of  the  infinitesi- 
mal calculus.  Our  fundamental  notions  applied  only  to 
int^rals,  to  a  summation  of  these  differential  properties. 
It  was  the  problem  of  the  new  calculus  to  deduce  from 
the  siinple  differential  properties,  expressed  in  what  is 
called  the  differential  equation,  the  results  of  finite  ob- 
servable quantities.  This  was  done  by  a  process  of  sum- 
mation or  integration.  In  this  process  the  elements  were, 
however,  all  considered  to  be  equaL  This  was  an  assump- 
tion which,  for  the  purposes  of  simplicity,  might  be  safely 
made  in  a  first  approximation.  When,  however,  the  kin- 
etic theory  of  gases  took  seriously  into  account  the  motion, 
velocity,  number,  and  size  of  the  constituent  particles  of 
matter  contained  in  any  finite  measurable  volume,  or  por- 
tion of  matter,  two  distinct  views  presented  themselves  : 
the  one  which  looks  only  at  the  total  or  average  result 
and  aspect  of  the  phenomena,  the  other  which  looks  at 
the  actual  behaviour  and  properties  of  the  component 
parts,  be  these  ever  so  numerous  or  ever  so  small  These 
latter  conld  no  longer  be  regarded  as  differentials  which 
lose  their  independent  existence  in  the  process  of  summa- 
tion :  they  had  individual  properties,  which  were  not  lost 
in  the  aggregate.     It  is  evident  that  chemists  had  been 
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Btudying  those  properties  of  loatter  that  ate  preserved 
distinct  in  evet  so  lat^  a  number  of  individuals  which 
are  characteristically  and  specifically  alike :  vrhile  physi- 
cists had  been  mainly  studying  the  properties  of  distance, 
motion,  velocity,  and  size,  which,  if  added  together,  merge 
themselves  into  a  common  sum,  integral  or  average.  It 
does  not  follovr  that,  even  so  far  as  these  latt«r  proper- 
ties are  coucemed,  the  numberless  individual  particles  of 
matter  behave  alike;  their  sizes,  velocities,  and  move- 
ments may  be  very  different :  indeed  it  is  evident  that, 
in  a  large  crowd  of  moving  particles,  they  must  be  widely 
different. 

In  assigning  numbers  to  these  data,  it  was  therefore 
clear  that  only  average  or  mean  values  could  be  meant, 
and  that  our  axjtual  physical  knowledge  of  the  individual 
elements  resembles  that  statistical  infonuation  which  we 
poaseaa,  for  instance,  regarding  the  mortality,  averse 
age,  and  general  properties  and  ways  of  the  members 
of  a  great  population.  It  is  statistical  knowledge,  it  is 
not  individual,  historical,  or  biographical  knowledge,  that 


The  individual  behaviour  of  the  single  molecules,  their 
sizes,  their  velocities,  the  lei^th  of  their  paths,  their  vibra- 
tions, rotations,  and  internal  motions,  remain  unknown. 
What  can  be  known  is  only  the  averse  magnitudes  of 
these  quantitioB,  and  possibly  the  extreme  limits  within 
which  these  individual  magnitudes  vary.  The  great  dif- 
ferences exhibited  by  larger  portions  of  different  kinds 
of  matter — i.e.,  the  chemical  differences  or  qualities — were 
reduced  to  the  actual  composition  and  qualities  of  the 
molecules  and  atoms  themselves.     Chemists  and  physi- 
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cifitB  were  now  alike  compelled  to  venture  on  some  more 
definite  hypothoBis,  descriptive  of  the  great  variety  of 
conBtitutlon  which  the  molecules  of  chemically  distinct 
snbetancee  exhibit.  These  molecules  show  in  their  com- 
bining numbers,  and  in  their  physical  properties,  great 
fixity,  excluding  apparently  all  gradual  transitions.  The 
manner  in  which  they  enter  into,  and  a^;ain  separate  out 
of,  combinations  and  compounds,  always  regaining  and 
showing  their  original  characteristics,  forced  more  and 
more  upon  natural  philosophers  the  conviction  that  com- 
pounds were  merely  geometrical  arrangements  of  indi-  w. 
vidually  independent  atoms,  and  that  these  atoms  must  ■?*^™*°^ 
possess  geometrically  different  forms  and  figures,  enabling 
them,  without  loss  of  their  individuality,  to  enter  into 
varying  configurations. 

The  conception  of  the  molecule  as  a  system  of  atoms, 
geometrically  arranged,  had  gradtially  grown  from  vague 
su^estions  in  the  minds  of  physicists  as  well  as  chemists 
— ie.,  of  students  of  the  quantitative  as  well  as  of  those 
of  the  qualitative  properties  of  substances.  To  the  former 
it  was  especially  the  forms  of  crystals,  to  the  latter  the 
different  degrees  of  saturation  of  chemical  substances, 
that  su^ested  a  geometrical  arrangement  of  atoms  as 
the  constitution  of  the  smallest  particles  or  molecules 
of  different  substances. 

Ever  since  the  study  of  the  regular  forms  of  minerals       u. 

Crritalto- 

or  of  artificially  prepared  crystals  was  reduced  to  an  snpi>T> 
exact  scieiwe  by  the  labours  of  Haiiy,  at  the  end  of 
the   last   century,'   the  forms   of   these    r^ular  shapes 
have  been  valued  by  investigators,  for  two  distinct  rea- 

'  S««  above,  chapter  L  p.  llfl. 


b,Goo(^lc 


443  SCIENTIFIC  THODOHT. 

Bons.  They  seemed  to  afford  a  practical  meana  of  recc^- 
nising  and  obtaining  in  the  laboratory  substances  in 
their  qualitative  or  chemical  purity,  if  they  were  ele- 
ments, or  in  ideatical  chemical  combinations,  if  they 
were  compounds.  And  secondly,  these  regular,  recur- 
ring forms,  which,  in  many  cases,  exhibited  characteristic 
and  geometrically  fixed  arrangements  of  plane  surfaces, 
appeared  the  only  means  by  which  we  could  gain  an 
insight  into  the  grouping  and  the  shape  of  the  ultimate 
particles,  out  of  which,  according  to  the  atomic  view, 
molar  substances  were  constituted.  If  the  particles  of 
any  substance,  when  set  free  to  follow  their  most  natural 
movements  by  solution,  by  fusion,  or  by  volatilisation, 
meet  t^ain  during  the  process  of  solidification  in  definite, 
always  recurring  forms,  the  conclusion  seems  obvious 
that  the  individual  and  ultimate  particles  posseas 
marked  peculiarities  in  the  different  directions  of  space. 
And  it  is  almost  inconceivable  that  these  peculiarities 
should  consist  in  anythii^  else  than  in  distinct  primitive 
forms,  arranged  in  varying,  but  geometrically  definable, 
meshee  of  a  network.  Accordingly,  different  systems 
have  been  elaborated  ever  since  the  i^e  of  Haiiy,  which 
have  the  object  of  easily  classifying,  recc^ising,  and 
measuring  crystalline  structures,  or,  mor«  ambitiously, 
of  discovering  the  number  of  simple  forms  and  arrange- 
ments of  networks  of  which  our  spatial  conceptions 
admit.  It  is  satisfactory  to  be  able  to  state  that 
investigations  of'  the  latter  kind,  carried  on  from 
seemingly  different  beginnings,  have  resulted  in  the 
recognition  of  a  certain  limited  number  of  forms  of 
symmetry.     This  symmetry  is  referred  to  points,  called 
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centres,  or  to  lines,  calle<i  axes,  or  to  planes  of  ^m- 
metry.'  French  and  German  mveBtigators  have  deduced 
in  different  ways  the  different  possible  forms  of  sym- 
metry, and  have  shown  that  in  all  thirty-two  different 
forms  of  symmetry  or  groups  are  geometrically  possible. 
These  thirty-two  fundamental  groups  of  crystals  can  be 
gathered  up  into  six  classes  or  types,  according  to  the 
different  systems  of  crystallographic  axes  or  the  number 
of  planes  of  symmetry  belonging  to  them.' 


'  The  queation  may  be  raiud, 
to  what  extent  crjstallograpb;  U 
obliged  to  UBuma  a  molecular 
(tnicture  of  matter,  or  what  Bup- 
port  doee  the  atomic  view  receive 
from  in  On  thig  point  see  0»t- 
waid'a  'AUgenieine  Chemie,'  vol.  i. 
p.  355,  &c.  The  geometrical  forms 
of  ctyatale  cui  either  Ije  derived 
from  elementary  polyhedra,  u  Haiiy 
attempted  to  do  by  hi»  "moliciile* 
{□t^groDtea"  and  bis  theory  of 
decreeceiioes,  space  being  in  this 
ayitem  considered  aa  continuouiily 
fUled  i  or  the  elementary  particles 
may  be  considered  to  consist  of 
meahes  of  poiota  (geometrically  ar- 
ranged in  the  comers  of  a  primitive 
figure  in  three  dimensions  ;  or  ele- 
meotary  spheres  or  ellipeoids  may 
be  Buppoaed  to  be  pileil  on  each 
other  I  ike  cannoQ -balls.  Thetwolal- 
ter  systems  aaaume  vacant  spaces ; 
the  first  view  refers  the  crystalline 
ahape  to  some  primitive  crystal,  and, 
tberefore,  does  not  eiphun  it.  It 
haa  accordingly  been  said  that  "  the 
■trQoture  of  crystals  is  oue  of  the 
principal  supports  of  tbe  molecular 
theory.  In  assuming  continnons 
matter  without  at  least  points 
which  are  geometrically  or  kine- 
matically  distioct,  the  anisotropic 
structure  of  crystals  is  quite  un- 
thinkable" (Lebmann,  'Uolecular- 
physik,'  vol.  ii.  p-  378).  This  view 
does  not  agree  with  what  Ostwald 


says  ('Allgemeine  Chemie,'  vol.  i.  p. 
808) ;  he  oonsiders  that  the  struc- 
ture of  ciystala  affords  no  proof 
for  the  molecular  couatitutioa  of 
matter,  as  the  data  of  elasticity 
by  no  means  neoeasarily  require 
a  molecular  arrangement,  but  for- 
mally can  be  ascribed  aa  easily  to 
continuous  matter.  "  Nevertheleas 
the  molecular  view  has  the  advan- 
tage of  greater  evidence,  and  leads 
to  the  same  results  with  much 
greater  simplicity,  and  hence  more 
oonvincingly."  It  seems,  however, 
that  if  chemical  facta  and  physical 
theory  force  upon  us  the  atomic 
view,  ciTStallographic  phenomena 
force  us  to  complete  it  by  some 
cooceptioD  of  geometrical  acrange- 


f  Heasel  ('  Krystallometrie,' 
looi;  naving  been  forgotten.  It 
ma  further  developed  by  L.  Sohnke 
('  Eutwickelung  der  Theorie  der 
Erystallstructur,'  1879),  and  com- 
pleted by  Curie  (1884)  and  Min- 
nigerode  (1833).  A  concise  sum- 
mary will  be  found  in  Liebisch, 
'  Phyaikaliache  Krystallc^iraphie, ' 
Leipdg,  13B1,  pp.  3  to  GO;  also 
Orath,  '  Phyaikaliache  Eryatallo- 
graphie,'    Leipiig,    1895,    p.    824, 
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II.  An  aaalc^T  has  beeo  pointed  out  *  between  the  atomic 

An»logy 

i^"m  theory  in  chemistry,  by  which  Dalton  explained  the  fixed 
S^^im  simple  and  multiple  proportions  of  the  combining  weights 
of  various  substances,  and  the  molecular  theory  of  crystal- 
line structures,  by  which  the  fundamental  forms  of  crystals 
are  defined  and  the  accessory  forms  derived  from  them. 
It  has  been  found  that  if  once  a  crystal  has  been  defined 
by  a  fundamental  plane  referred  to  three  axes  at  fixed 
angles,  all  other  planes  or  faces  can  be  defined  by  simple 
multiples  of  the  numbers  which  belong  to  the  fundamental 
plane,  and  which  are  called  the  parameters  of  the  crystaL 
This  fundamental  rule  or  law  of  crystallisation,  termed  by 
Haiiy  the  law  of  derivation,  stands  thus  in  the  same  rela- 
tion to  the  corpuscular  theory  of  the  structure  of  bodies 
as  the  law  of  fixed  multiple  proportions  stands  to  the 
original  atomic  view  of  matter,  and  it  is  thought  diat  it 
may  in  the  future  lead  to  important  i-esults.' 
«.  Another  very  remarkable  discovery  had  been  made  by 

phiam.  Mitscherlich  in  1823.'  This  is  the  property  which  various 
compounds  possess  of  crystallising  in  the  same  forms, 
although  they  contain  different  elements — such  elements 
being,  however,  joined  together  by  similar  formulas.  The 
elements  are,  as  it  were,  interchangeable.     This  phe- 

I  Sae      OstwtJd,      "  AllgemtiiM  a  somewhat  ijiaturbed  muiner"  (loe. 

ChemJe,'  vol.  L  ^.  870.  oL,  vol.  i.  p.  890).     This  I  undcr- 

'  A  queetioD  arues  in  thU  coDQee-  atand  to  mean  that,  if  diaturbing 

tion  aa  to  the  kccurocf  of  ths  ciya-  circumeCaaoei  could   bs   removad, 

t«llographic  law  of  the  fliitj  of  the  the  law  of  the  fixity  of  onglea  luid 

(mglea.     In  reapact  of  this  Oatwald  the  simple  muitiplee  of  the  indices 

aajB :  "  On  eiaminmg  the  validity  would  obtain  witA  the  same  aocur- 

of thefundametitallawaof  cryatAllo-  acy  as  do  the  combining  namben 

graphy,   it   becomaa   erident   that  and   Iheir   multiplea   in    chemical 

they  an  only  approximate,  or  per-  I  combinations, 

haps  more  correctly,  that  there  exist  i       *  See  ut^pra,  chap.  ii.  p.  191  and 

numerous  eii«umstaocea  which  per-  I  note, 

mit  tbem  U>  show  thenMelves  only  in  ' 
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nomenoD  has  been  called  ieomorphiBm.  The  diecovery 
has  been  of  great  practical  value,  as  well  as  theoretical 
interest.  If  the  definite  and  invariable  form  of  existence 
which  the  crystal  exhibits  is  considered  as  a  proof  of  the 
purity  of  a  chemical  substAnce,  and  if  in  the  same  crystal 
one  elementary  substance  can  be  replaced  by  one  or  several 
other  substances,  then  this  substitution  must  take  place  in 
definite  proportions  of  weight,  in  the  equivalent  proper- 
tions.  Thus  the  production  of  such  isomorphous  crystals 
afibrds  a  method  of  determining  the  relative  atomic 
weights  or  equivalents.  As  such  it  was  hailed  by  Ber- 
zeliuB ;  the  more  so,  as  in  no  case  did  the  equivalents 
thus  obtained  contradict  the  numbers  he  had  found  by 
other  methods.'  Theoretically,  the  property  of  isomor- 
phism acquired  a  still  greater  interest  when  Mitscber- 


■  In  the  early  dajs  of  the  atomic 
tbeorf  aa  developed  by  Beneliua, 
great  unoerCaiuty  eiietad  ae  to  tbe 
number?  which  were  to  be  chosen  for 
the  atomic  weights  of  the  elemente. 
ThU  waa  owing  to  the  property  of 
filed  multiple  ratJoe— it  reroaiomg 
undecided  which  waa  the  aoialleat 
Bubmultiple  of  a  given  combining 
ratio  in  n-bich  tmy  ipecial  element 
could  enter  into  combination. 
Other  methode  were  then  uaed  to 
Bsaiat  in  deciding  thia  point.  Tbe 
law  of  Tolumea,  and  later  the  pro- 
pertiea  of  ieomorphiBm,  were  there- 
fore hailed  by  Berzelius  aa  welcome 
aide  in  Giing  the  atomic  numbers. 
Both  tbeae  methoda  are  atill  uaed, 
though  the  latter  ia  not  always  de- 
ciaive.  The  most  important  method 
according  to  the  i>reaent  state  of  our 
knowledge  ia  the  determination  of 
tbe  vapour  denaitj,  where  such  can 
be  got,  and  that  of  the  apecific  heat 
in  the  aolid  state.  It  is  mainly 
owing  to  Canniziaro  (18GS)  that 


the  apparent  contradictiona,  which 
were  supposed  to  exist  in  the  num- 
bera  arrived  at  by  various  metboda, 
were  explained  by  reverting  to 
Avogadnys  forgotten  hypothesis. 
The  periodic  law  or  arrangement  of 
the  elements  into  clasaes  ahowing 
similar  physical  propertiee  is  like- 
wiae  of  use.  A  complete,  lucid, 
and  exhaustive  statement  ol  the 
most  recent  position  of  our  know- 
ledge of  the  true  atomic  weigbta 
of  the  elements  will  be  found  in 
Lothar  Meyer's  posthumous  tract, 
'Die  Atome  und  ibre  Eigenechaf- 
tflD,' Breslau,  1896.  In  tbisvaluable 
book,  as  also  in  Oatwald's  '  Allge- 
meine  Cbemie,'  vol.  i.,  will  also  be 
found  an  account  of  the  degree  of  ac- 
curacy which  attaches  to  our  preaent 
knowledge  of  the  atomic  and  com- 
bining  numlwrs,  which  form  the 
solid  foundation  of  all  quantitative 
obemieti?  and  all  praclical  applica- 
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lich  discovered  another  crystalline  property  of  certain 
chemically  pure  eubstances.  He  found  that  some  sub- 
BtanoeB  can  cryetallise  in  more  thau  one  diBtinct  and 
definite  form.  The  alums  and  vitriols  are  typical  of  iBO- 
morphiBm.  Ae  typical  of  the  second  property,  which  was 
termed  by  him  dimorphism  or  polymorphism,  we  have 
the  well-known  mineral  calc-spar,  which  is  dimorphous 
with  ar^onite,  both  having  the  same  chemical  constitution 
and  properties.  A  typical  example  of  dimorphism  is  the 
mineral  rutile,  which  is  chemically  the  same  substance  as 
the  mineral  anatase,  both  being  chemically  pure  titanic 
oxide.  Among  the  elements,  pure  sulphur  crystallises  in 
two  different  forms.  The  property  of  dimorphism  seemed 
at  first  to  contradict  the  inference  which  Mitscherlich  bad 
drawn  from  his  first  discovery — vis.,  that  the  crystalline 
shape  is  expressive  of  the  number  and  chemical  connec- 
tion of  the  smallest  particles  or  atoms ;  but  the  further 
discovery,  that  if  of  two  isomorphous  bodies  one  is  dimor- 
phous, the  other  is  likewise  so,  gave  again  a  great  support 
to  the  geometrical  conception  of  atomic  complexes — i.e., 
to  the  idea  that  chemical  individuality  is  ultimately  to  be 
explained  not  only  by  the  number,  but  also  by  the  mutual 
fixed  position  and  shape,  of  the  atoms.  And  yet  it  seemed 
a  long  way,  and  is  a  long  way  still,  from  the  external, 
visible,  and  well-marked  shape  of  a  crystal,  with  its 
peculiar  and  well-defined  geometrical,  elastic,  optical,  and 
thennal  properties,  to  the  primitive  molecule,  made  up  of 
still  more  simple  atoms,  in  the  form,  number,  and  arrange- 
ment of  which  we  are  ^ain  and  again  tempted  to  see  the 
nature  of  chemical  or  qualitative  individuality.  To  obtain 
a  clear  view  in  this  way  would  be  to  work  our  way  from 
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outside  inward — a  method  which  has  rarely  led  to  definite 
reBulta  in  acientific  research. 

A  department  of  chemical  science  called  Btructund  a. 
chemistry — which  has  quite  recently  developed  into  "wi  ■urw 
Btereo-chemistry — has  during  the  last  fifty  years  of  the 
century  been  working  by  the  opposite  method.  Even 
those  organic  chemists  who  ridiculed  the  notion  that 
a  chemical  formula,  which  on  the  surface  of  the  paper 
OD  which  it  is  written  cannot  help  making  use  of 
geometrical  position  and  proximities,  is  in  any  way  a 
picture  of  the  arrangements  of  atoms  in  real  space.'were 
nevertheless  forced  to  avail  themselves  of  this  symbolism. 
About  the  middle  of  the  century,  especially  through  the 
researches  of  Frankland,  followed  by  those  of  Couper  and 
Kekul^,  the  phenomenon  of  multiple  proportions  was  ex- 
plained by  introducing  the  notion  of  saturation.  An 
element  which  can  combine  with  one  or  more  atoms  of 
the  same  or  of  difTerent  elements  or  definite  chemical 
compounds  was  looked  upon  as  having  a  chemical  afBnity 
which  might  be  wholly  or  only  partially  satisfied.  The 
difTerent  compounds  arising  out  of  such  combinations 
would  then  represent  different  degrees  of  saturation  of 
the  first  element;  and  it  was  evident  that  elements  as 
well  as  compounds  could  be  arranged  according  to  the 
degrees  of  saturation  of  which  they  were  capable.  A 
compound  containing  elements  which  possessed  a  greater 
capacity  for  satui-aiion  than  the  combination  afforded  was 
called  unsaturated.  The  term  valency  was  introduced  to  u. 
denote  the  degrees  of  saturation  of  elements  and  com- 
pounds, which  were  therefore  mono-,  di-,  or  poly-valent, 
according  to  the  compounds  existing  in  fixed  simple  or 
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fixed  multiple  proportions.  In  a  table  of  the  valencies 
or  saturatii^  capacities  of  elements  and  compounds,  the 
element  hydr<^n  forms  the  unit  and  point  of  reference, 
as  it  does  in  the  scale  of  the  atomic  or  combining  weights, 
and  veiy  remarkable  relations  and  analogies  have  been 
established  between  the  periodic  law  of  Mendel^fT  and 
the  valency  of  the  different  elements.  Nevertheless  it 
must  be  remarked  that  the  valency  of  an  element  or 
compound  does  not,  accordii^  to  out  present  knowledge, 
show  such  absolute  fixity  as  the  equivalents  or  combinii^ 
we^^hts  do,  or  as  the  angles  of  crystallisation  of  chemically 
pure  substances  do/ 

The  introduction  of  the  conception  of  valency  has  had 
an  enormous  influence  on  the  development  of  the  science 
of  chemistry,  and  this  in  a  twofold  direction.  Its  prac- 
tical use  was  demonstrated  by  Eekul^,  when  he  placed 
the  idea  of  the  tetravalency,  or  fourfold  saturating  capa- 
city, of  carbon  in  the  front  of  his  treatise  of  organic 
chemistry,^  and  by  so  doing  gave  a  great  impetus  to 
organic  research.     One  of  the  first  symbols  used  to  denote 


'  Not  odI;  are  numy  of  the  ele- 
meata,  such  aa  oijgen  and  plioi- 
phoruB,  claised  differently  by  dif- 
ferent chamietB  accordiDg  ai  their 
T^ency  or  aaturatiog  capacity  is 
put  at  a  higher  or  lower  multiple, 
but  compounds  which  are  uulver- 
■ally  considered  to  be  saturated 
COmpOUDdB,  BUch  aa  neutral  ralte 
and  irater,  form  chemical  combina- 
tioDs  accordiDtc  to  their  cuinbiniDg 
numbers,  which  are  quite  deS- 
nite  and  (table :  auch  are  the  by- 
draled  crystallised  lalta  and  the 
double  aalts.  Theae  compounda 
are  called  "  molecular  compounds. " 
Various  eipl&natious  have  been  at- 
tempted, but  the  fact  remaiua  that 


"no  characteristJc  distiDCtion  haa 
been  found,  either  in  physical  or 
chemical  behaviour,  between  the 
ordinary  compounds  and  the  mo- 
lecular compounds  ;  and  therefore, 
strictly  speaking,  from  the  pheno- 
mena exhibited,  at  present  no  other 
conclusion  can  be  drawn  except 
that  chemical  compounda  do  un- 
doubtedly exist  which  cannot  be 
included  in  the  atructure  scheme 
which  is  based  oo  the  doctrine  of 
a  constant  valency"  (see  Nanut, 
'Theoretical  Chemistry,'  tnuisL  by 
Palmer,  London,  18B6,  p.  246). 

>  A.  Eekuld  (IS^ISBB),  '  Uhr- 
buch  der  orgaoiachen  Chemie,'  1st 
ed„  Erlaagen,  1906,  and  later. 
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the  valeocj  of  an  element  was  to  attach  to  it  aa  many 
lines  as  it  possesaed  capacities  of  aaturation.  The  capa- 
cities of  saturation  or  valencies  thus  appeared  Yerj  early 
aa  points  of  aatiu^tion,  and  the  saturation  itself  as  a 
linkage.  These  geometrical  artifices  or  expreasiona  were, 
for  a  long  time,  used  merely  aa  aymbols,  and  to  the 
present  day  many  eminent  chemists  refuse  to  attach  to 
them  any  real  meaning :  fonnulee  of  thia  kind  were  called 
formnlffi  of  structure,  not  of  constitution.  One  of  the  a. 
most  remarkable  instances  of  the  exact  use  of  linkages  unkige. 
to  explain  the  difference  of  a  aeriea  of  organic  compounds, 
all  closely  connected  with  each  other,  is  the  tiieory  of  the 
so-called  aromatic  compounds,  derived  from  benzene,  which 
we  owe  to  £ekul4  It  has  stood  the  criticism  of  more 
than  a  quarter  of  a  century,  and  has  led  to  the  most 
wonderful  practical  knowledge  of  a  large  number  of  old 
and  new  compounds. 

It  is  not  astonishing  if,  in  the  face  of  these  remark- 
able strides  which  geometrical  symbols  have  led  to, 
an  attempt  has  been  made  to  form  an  actual  con- 
ception of  the  geometrical  figure  and  grouping  of  the 
atoms  of  which  chemical  molecules  and  compounds  are 
made  up. 

Space  relations  are  the  only  ones  in  which  the  differ- 
ence of  symmetry  and  asymmetry  can  be  at  all  conceived 
by  us ;  and  when  chemical  compounds  were  discovered 
which  show  no  other  difference  than  that  one  of  them 
turns  the  plane  of  polarisation  of  a  ray  of  light  passing 
through  it  to  the  right,  the  other  to  the  left  side,  the 
time  seemed  ripe  to  seek  an  explanation  of  thia  in  a 
purely  atereometrical  difference   of  form    or  grouping, 
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In  1874  two  chemiBte,  Le  Bel  and  Yan't  HofT,  anggested 
independently  a  picture  of  the  tetravalent  carbon  atom, 
which  would  explain  how  it  conld  enter  with  ite  four 
points  or  capacities  of  saturation  into  two  compounds 
having  the  same  saturating  substances,  but  arranged  in 
ways  which  were  not  geometrically  superposable,  but  only 
aymmetrical,  like  a  right-  and  left-hand  glove,  or  the 
48.  images  in  a  mirror.  The  8l^;ge8tion  amounts  to  this, 
tctnboiron.  that  the  carbon  atom  has  the  shape  of  a  tetrahedron, 
the  four  corners  representing  the  four  valencies  or  capa- 
cities of  saturation.* 

The  carbon  tetrahedron  is  the  last  step  which  has  been 
taken  in  the  development  of  the  atomic  view  of  matter 
and  of  nature.  No  book  on  organic  chemistry  can  now 
well  avoid  introducing  this  and  other  similar  ways  of 
representing  chemical  relations.  On  the  further  special- 
isation of  this  conception  will  probably  depend  to  a  large 
extent  the  future  of  our  chemical  theory — i.e.,  of  our  at* 
tempts  to  grasp  the  qualitative  nature  of  different  sub- 
stances. It  is  clear  that  we  are  far  on  the  way  to  realising 
Wollaston's  prophecy  of  the  year  1808 — m.,  "that  the 


>  Hiia  apeculatiDQ  waa  at  firat 
looked  upon  wiUi  very  great  doubt. 
Only  few  chemiats  of  note  tuok  it 
up ;  othen,  BUch  aa  Kolbe,  who  led 
a  coDuateat  oppoeition  to  the  ideaa 
and  devetopmenta  of  atructuntl 
cheiuistJT,  treated  it  with  ridicule. 
Van't   Hoff,   ten    yeara   aftat   tha 

EublicatioD  of  the  Brat  ediUon  of 
ia  pamphlet.  '  La  Chimie  daua 
I'Sapace*^  (Botterdam,  I67S)  re- 
viewed the  podtjon  in  hi«  '  Dii 
Annies  dans  I'Hutoire  d'une  Thr- 
one' {tranaUted  by  Mar«b,  Oxford, 
,1SB1),  sad,  after  raiHvducing  the 


two  oppoaito  rariewB,  with  which 
the  original  theorr  waa  met  by 
Wislicenua  and  Kolbe,  waa  able  to 
state  "that  the  theory  in  queetioo 
now  furmB  part  of  elementary 
ohenuoal  teaching,  and  ia  to  be 
found  enunciated  in  the  moat 
widely  nsed  tezt-booka"  (tnutla- 
tioD,  p.  19).  Further  applica- 
tiona  of  the  theoiy,  aapecUlly  to 
the  conpounda  of  nitrogen,  will  be 
found  En  the  Snit  edition  of  the 
Qerman  tranaUtiotl  '  Die  Lagerung 
der  Atome  im  Raume'  (Braunsch- 
weig, ISBi). 
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atomic  theory  (ft)uld  not  rest  contented  witii  a  knowledge 
of  the  relative  weights  of  elementary  atoms,  hut  would 
have  to  be  completed  by  a  geometrical  conception  of  the 
arrangement  of  the  elementary  particles  in  all  the  three 
dimensions  of  solid  extension." ' 

But  though  a  further  development  of  the  atomic  view, 
not  only  "  pondere  "  but  also  "  mensura,"  may  be  expected 
in  the  near  future,  the  progress  of  chemistry,  which  haa 
benefited  so  much  by  this  view  of  nature,  will  not  de-       ts. 
pend  exclusively  upon  this  line  of.  thought,  nor  perhaps  loi^^mey 
to  BO  large  an  extent  as  it  has  done  during  the  greater  •t™iei«''- 
part  of  the  century.     We  have  seen  how  the  atomic 
theory  of  Dalton  rose  to  the  position  of  being  more 
than    a  convenient  symbolism,  and   how  it  became  a 
physical   theory   of  matter   and    of    nature    mainly    by 
the  support  which  it  received  from  a  different  line  of 


The  development  of  this  line  of  reasoning  led  to  the 
employment  of  the  statistical  method,  a  view  quite 
foreign  to  other  branches  of  physical  science. 

The  kinetic  theory  of  gases  itself  had  been  elaborated 
in  connection  with  still  another  line  of  reasoning,  with 
the  endeavoor  to  get  a  clearer  and  more  comprehensive 
view  of  the  nature  of  the  diSerent  forces  which  the 
aatronomical  as  well  as  the  atomic  views  had  merely 
accepted  as  given  quantities  without  further  examination. 
We  are  thus  necessarily  led  on  to  trace  the  history  of 


'  See  Wolla«ton'<  memoir,  "On 
Sup«r-acid  and  Sub-add  Salts," 
read  before  the  Hoyal  Society,  Jan. 
8,  1808  {'  Phil.  Tram.,'  1808,  p.  86, 
lia,),  where  he  eveii  lugBeaU  the 


of  the  iUtbility  of  ag- 
gngatea  of  porticlefl  in  different  cou- 
n^rationi,  msDlioDing  the  tetm- 
hedron,  iince  become  celebrated 
tlirou^  PaiteuT  and  Vau't  Hoff. 
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theee  otber  views  of  nature,  which  up  to  the  middle  of 
the  century  had  grown  up  independently. 

The  next  chapter  will  accordingly  deal  with  the 
kinetic  view  of  nature. 

At  the  time  when  the  atomic  theory  was  firmly  estab- 
lished and  defined,  the  great  founders  of  chemical  science 
were  well  aware  that  the  investigation  and  measurement 
of  chemical  forces,  of  what  was  termed  affinity,  was  just 
OS  important  a  problem  as  the  fixing  of  the  combining 
weights  and  the  formulae  of  chemical  compounds. 

Accordingly  we  find  men  like  Bergmann,  Berthollet, 
Davy,  BerzeliuB,  and  Faraday  all  propounding  or  suggest- 
ing theories  of  chemical  affinity,  some  of  which,  like  the 
electro-chemical  theory,  remained  long  in  use.  The  diffi- 
culty, however,  which  was  experienced  in  defining,  and 
still  more  in  measuring,  chemical  af&nit?,  and  the  absence 
of  a  general  system  for  the  computation  and  calculation 
of  all  physical  quantities,  retarded  the  progress  of  this 
line  of  research  compared  with  the  study  of  the  weights 
or  proportions  of  mass  which  existed  in  chemical  processes, 
and  which  were  more  easily  ascertained  by  means  of  the 
balance,  and  made  intell^ble  by  the  atomic  theory. 

The  tendency  of  chemical  reasoning  during  the  first 
half  of  the  century  lay  therefore  in  the  direction  of  a 
one-sided  development  of  the  knowledge  of  matter,  its 
definite  constituents  and  infinite  compounds,  rather  than 
in  a  study  of  that  equally  important  but  more  subtle 
quantity,  now  called  enet^,  which  appears  or  disappears, 
but  is  never  created  or  destroyed  in  physical  or  chemical 
processes, 

A  clear  recognition  of  this  fundamental  doctrine — nay, 
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even  a  came  for  the  thing  implied — did  not  exist  before 
■  the  middle  of  the  century.    How  both  were  gradually  intro- 
duced will  be  shown  in  another  of  the  following  chapters. 

The  atomic  view  or  theory  which  gave  such  good  help 
in  classifying  and  in  studying  the  characteristic  feature 
of  all  chemical  processes — the  fact  that  they  take  place 
according  to  definite  proportions  of  weight — had  also  the 
effect  of  promoting  a  somewhat  one-sided  habit  of  thought 
in  the  domain  of  chemical  BCienoe  itself. 

The  search  for  the  elements,  the  Sxing  of  their  com- 
bining weighte  and  properties,  absorbed  a  great  de^  of 
time,  labour,  and  abUity, 

The  practical  demands  of  the  arts  stimulated  the  pre-  «. 
paration  of  metals,  of  acids,  and  of  alkalies,  all  of  which  luaueno 
possessed  useful  properties  in  their  isolated,  as  distin- 
guished from  their  natural,  condition.  This  gave  a  stimu- 
lus in  practice  to  the  invention  ofprocesses  of  disintegration, 
and  in  reasonii^  to  processes  of  analysis.  The  synthesis  or 
putting  together  was  expected  to  take  place  easily,  if  once 
the  elements  or  constituent  parts  were  got.  In  mineral 
chemistry  and  metallurgy  this  is  indeed  very  frequently 
the  case.  It  was  soon  found  that  it  is  not  so  in  organic 
chemistty,  and  that  when  in  organic  chemistry  a  synthesis 
is  effected,  tiie  product  is  frequently  unlike  that  ordinal 
natural  substance  from  the  analysis  or  disintegration  of 
which  the  constituents  or  elomenta  were  procured. 

It  soon  became  evident  that  synthesis  does  not  mean 
merely  addition.  A  certain  order  had  to  be  observed  in 
the  way  of  putting  tc^ther,  and  this  led  to  the  introduc- 
tion of  8tructiu»l,  farther  of  geometrical,  formulte.  Even 
then,  however,  it  was  found  that  if  a  synthesis  succeeded. 
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it  did  not  always  produce  a  natural,  but  freqiiently  a 
purely  artificial,  compound.  The  practical  effect  of  this 
discovery  has  been  remarkable,  not  to  say  astonidiing. 
New  induBtries  have  been  founded,  and  a  branch  of 
science  has  been  created  called  "  organic  ohemietry,"  but 
more  correctly  the  "chemistry  of  carbon  compounds," 
which  was  undreamt  of  in  the  b^inning  of  the  centui?. 
At  that  time  "  oi^anic  chemistry  "  meant  that  branch  of 
r  the  science  which  dealt  with  the  compounds  which  were 
found  in  the  structures  of  the  vegetable  and  animal 
kingdoms,  and  which  were  peculiar  to  them.^  This 
meaning  of  the  term  "  organic  chemistry "  has  disap- 
peared ;  but  the  branch  of  science  which  deals  specially 
with  the  substances  contained  in  living  matter  has  not 
disappeared.  Only  the  development  of  chemistry  on  the 
lines  pre-eminently  prescribed  by  the  atomic  view  of 
nature  has  diverted  the  attention  of  many  invest^tors 
and  philosophers  from  the  original  problems  of  organic 
chemistry — the  study,  the  analysis,  and  the  reproduction 
or  synthesis  of  such  compounds  as  are  immediately  con- 
nected with  living  matt«r. 

To  the  extent  that  these  problems  which  have  not  lain 


*  Th«  merit  of  having  upheld  the 
twofold  aspect  of  oi^anie  cbeni' 
Utr;  nod  of  having  urged  the 
Deceuitj  of  two  dintinct  wajs  of 
wwlysiug  orgaoic  Bubetanoea,  be- 
longa  in  this  century  pre-eminent); 
to  Chovreul,  Mot  only  are  bis 
'  Recherchee  sur  lea  Corpa  graa 
d'Origiae  animals,'  carried  on  ^m 
1813  to  1823,  a  model  work  of 
great  theoretical  and  practical 
value ;  but  he  haa  iu  vuiaur  writ' 
inga,  notably  in  hia  liistorical 
I  ('Joamal  dee  SAvante,' 


1862-60),  iooisted  on  the  neceadty 
of  studying  what  he  tenna,  oflcr 
Fourcroy,  "  lee  priucipea  im- 
rnvdiata.      qui      conatituent      lea 

veg^taui  et  lee  sDimaui."  Thia 
atudy  ia  baaed  upon  quite  a  different 
method  trom  that  usually  called 
"analyae  fldmentaire."  Chevreul'a 
great  work  has  been  continued  and 
dev^ped  by  H.  Berthelot  in  bii 
celebrated  book. '  Chimie  oi^anique 
fondde  lur  la  Synthiee,'  18S0,  two 
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apeoislly  on  the  lines  marked  out  by  the  atomic  view  of 
nature  have,  in  the  course  of  time,  reasserted  tbemselvea, 
the  atomic  view  itself  has  been  regarded  with  less  favour 
bj  students  who  have  made  these  problems  their  especial 
study.  In  fact,  one  meets  not  infrequently  with  an  in- 
clination to  disparage  the  atomic  theory,  to  point  out 
that  it  is  merely  a  hypothesis,  and  that  as  such  it 
should  only  assist,  but  not  govern,  scientific  research.' 
In  the  domain  of  specially  chemical  reasoning  we  meet 
with  severe  criticisms  of  the  one-sided  aad  formal  develop-  " 
ment  to  which  the  atomic  view  has  led,  of  the  playiug  with 
symbols  and  of  their  empty  formalism ;  notably  structural 
chemistiy  and  etereo-chemistry  have  not  escaped  severe 
ridicule.*  Whilst  it  is  not  very  evident  how  the  school 
from  which  these  criticisms  proceed  can  in  the  loi^-run 
escape  those  logical  consequences  which  are  embodied 
in  stereo-chemistry,  other  criticisms  claim  oar  attention 


■  Sob  Berthelot,  '  Ia  Syntb^ 
obitniqae,'  7™  6i.,  1891,  p.  167. 
'Le  principal  raproche,  que  1'od 
puime  Bdr«8ser  k  U  thdotie  ato- 
mique,  cooame  b  toutea  In  coneep- 
liooa  onalogUM,  c'eat  qa'elln  cod- 
duitent  k  op^rar  lur  om  npporta 
ntlmdriquM  des  iSl^nienta  st  non 
mr  lea  oorpa  «ux-mf!mes,  en  rap- 
portuit  tontee  leB  r&ctiona  k  ime 
UDitd  t;pa,  n^cflM^rement  icoag. 
in&ire.  Bref  ella  ealivent  anx 
phdDom^es  biut  caraotire  r4ti, 
et  aubstituent  k  laur  eipoaitjoli 
veritable  una  auite  da  oonsid^ratioDB 
^mboliquea,  auiquellM  I'eaprit  M 
oomplalt,  parce  qu'il  e'j  exerM 
avec  pliu  de  facility  que  but  les 
rialitee  proprement  ditoa  ...  lea 
symboles  de  U  chimie  prdsenbuit 


da  reBprit  bumain,  Datarellement 

porti  Ik  Bubetitner  k  U,  Bonoeption 
directe  dee  chowB  ...  la  vue  plus 
■imple  .  .  .  de  leun  ei^ea  raprd. 
BCDtatifs." 

^  The  late  eminent  Frofeiwir 
Eermaan  Kolbe  of  Leipaic,  whoee 
laboura  both  alone  and  jointl;  with 
Fiankland  have  done  «o  much  to 
break  dovn  the  formaliam  of  the 
older  type  theory,  waa  eapedaUj 
conspicuouB  by  his  vinilenl  atUcka 
OD  the  repreMntativee  of  'Modem 
ChsmiatiT.'  The  controversy  fa 
elaborately  and  lucidly  treated  by 
A.  R»u  in  '  Die  Theorien  dar 
modemeD  Chemie'  (Braanachweig, 
1877-84,  8  parts),  which  contaioB 
very  valuable  hiatorioal  referenoM. 
I  am  afnud  it  ia  gi'BaUy  owing  to 
thia  party  apirit  Mat  Eolbe'a  own 
gteatoen     ia     hardly    auffidently 


B  tendaooeB  I  known  io  thia  00011117. 
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because  they  follow  from  distinctly  defined  and  inde- 
pendent lines  of  reasoning.  The  three  criticisms  can  be 
summed  up  in  three  distinct  arguments,  all  three  de- 
manding our  special  and  exhaustive  study.  These  three 
argmnente  may  be  summarised  as  follows : — 

First.  The  atomic  view  is  a  hypothesis  resting  upon  the 
fact  that  substances  combine  in  fixed  and  fixed  multiple 
proportions,  and  upon  the  further  observation  that  bodies 
both  in  the  solid  and  liquid  state  show  difibrent  properties 
in  different  directions  of  space.  But  as  to  the  nature 
of  the  differences  of  the  elements  the  atomic  view  gives  no 
information ;  it  simply  asserts  these  differences,  assumes 
them  as  physical  constants,  and  tries  to  describe  them  by 
number  and  measurement. 

The  atomic  view  is  therefore  at  best  only  a  provisional 
basis,  a  convenient  resting-place,*  similar  to  that  which 
Newton  found  in  physical  astronomy,  and  on  which  has 
been  established  the  astronomical  view  of  nature. 

Second.  The  atomic  view  in  its  present  development 
gives  us  no  insight  into  the  nature  of  those  forces  on  which 
depend  the  formation  or  destruction  of  chemical  com- 
pounds. It  n^lects  the  study  of  chemical  affinity.  This 
must  be  conducted  on  different  lines  of  observation  and 
reasoning.' 

'  As  these  uid  other  pomti  re-  Var  euggeative  id  the  first  [DBtauce 

ferred  to  here  frill  be  tkken  up  uid  ia   Lnrd   Eelviu'e   ftddreae  to  the 

fully  treated  in  future  chapten  of  mAthaniBtical  uid  ph3'Bic»l  Bection 

thia  work,  1   nlHtMD  from  giving  of  (he  British  ABiocistioD  in  1884, 

ezbMutive  references,  limiting  mj.  reprioted  in  the  Srst  volume  of  bis 

self     to     such    writings    »s    will  '  PopuUr  Lecture*  and  Addressea,' 

give  the  reader  s  generftl  idea  of  p.  218,  Ac,  "Steps  towards  a  EiD- 

the  TuiouB  Bttempta  which  have  etic  Theory  of  Matter." 

been  made  to  go  beyond  or  behind  *  la  reapect  of  thia  the  Introdnc- 

•k.  i.„™in  w.=™  ^1  v.t.i—.  ™.  t^  I  Hon  to  the  first  edition  of  Lnlhar 
Meyer's '  Uodem  Theories  in  Cbem- 
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Third.  The  atomic  view,  as  developed  in  chemical  for- 
mulas, haa  ondulj  favonred  and  promoted  the  analytieal 
tendency  of  research  and  thought,  Itmitii^  ,  STuthesis 
to  such  oompoundB  ae  can  be  artificially  prepared, 
but  neglecting  that  kind  of  eynthesis  by  which  com- 
pounds are  formed  in  natnre,  and  especiaJIj  in  Uving 
oif^anifims.' 

As  representative  of  these  three  lines  of  argument, 
leadii^  beyond  or  outside  of  the  atomic  view  of  nature, 
I  mention  the  three  names  of  Lord  Kelvin  in  England, 
coupled  with  the  kinetic — specially  the  vortex — theory  of 
matter ;  of  Professor  Ostwald  in  Germany,  coupled  with 
the  modem  doctrines  of  chemical  afGnity ;  and  of  M. 
Berthelot  in  France,  aa  especially  identified  with  the  de- 
velopment of  modem  synthetical  methods  in  chemistry. 
In  the  next  chapter  I  shall  take  up  the  line  of  thought 
embodied  in  the  first  of  these  developments — the  kinetic 
view  of  nature.  In  order  to  understand  the  history  of 
this  view,  we  shall  have  to  go  back   to  opinions  held 


utr^,'  writl«D  in  1862  ftnid  repritit' 
ed  in  the  Bubaequeat  editions  and 
&Iro  in  the  EngUsh  tr&naktion  by 
BedK>nu]dWil]i(un8{Loiidon,1888), 
gives  ft  very  lucid  BummaiT  of  tlie 
hiitoricol  developmenta.  The  pub- 
lication of  HeyBr's  book,  by  the 
oontroTerBiee  it  produced,  did  a 
gnat  deal  to  give  "  theoretical "  or 
"  pbymcal "  chemistir  a  diatinot  ftnd 
independent  pooition.  Separate 
oboin  and  laboratoriea  for  physical 
chemiatry  bave  aince  been  inaug- 
urated, fiist  at  Leipaic  and  subse- 
quently at  other  Oerman  univer- 
sities. See  Ostwald's  article  on 
"  Phyaikaliacbe  Chemie,"  in  Lexis, 
'  Die  deutecben  Untvenitaten,'  vol. 

VOL.  L 


U.  p.  SO,  fee  Profesaor  Ostwald  is 
also  the  editor,  sinoe  1867,  of  the 
first  periodical  devoted  to  physical 
cbemisttj.  To  his  great  nork, 
entitled  'AUgemeiue  Chemie,' 
which,  aince  its  first  appearaace 
in  1884,  has  done  so  much  for 
"general"  as  distinguished  from 
"  systematic  "  chemis^,  and  to  bis 
numerous  suggestive  addresses,  1 
shall  frequently  have  occasion  to 

'  See  the  woils  of  H.  Berthelot, 
quoted  above,  pp.  454,  4SG ;  alaa 
an  address  by  P^.  Ueldola  before 
the  chemical  section  of  the  British 
Association  in  186C. 
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already  in  antdqaity ;  just  as  I  showed  that  the  astoi- 
nomical  and  atomic  views  of  nature  grew  out  of  vaguer 
theories  of  older  times,  and  that  they  owe  their  revival 
and  ecientific  aaefnluess  to  the  fact  that  they  have  re- 
ceived in  recent  days  the  precise  treatment  of  exact 
measurement  and  mathematical  reasoning. 


END   OF  TUB  PIRBT   VOLtJlIB. 
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MENRV.  a.CB. 
SOUR    HEMOBIBS    OF    IIT   3PABB 

TIME,  IBM- ISes.  Bt  General  Cbe  Right 
Hon.  Sir  Hi»«i  BHiCKiHannT,  Q.C.B. 
Vitb  PDitnlk    OrowD  gvo,  is.  nat. 


BRBADALBANE.  THE  MARCKION- 


Wttb  UliatrmtlODB 


BRIDOES,   PHILIPPA. 


BRODKIBB,  W.J. 

UBMOEITUENBa.    (Aneient  Olualc*  lor 
Bnglliti  Reiden.)  By  W.  J,  Bhodbibb. 

BRUCE.   MAJOR   CLARENCE    DAL- 

RVMPL£. 
IN     THB     POOTSTHPfl     OF     UABOO 
POIX).     Belngthe  AcconntofrnJooiney 


WiCta  IllaslmUaBi.    D«mT  Bro,  III.  net. 

BUCHAN,  JOHN. 

THE   WATCHBR  BT  THE   THBS9H- 

OLD.     UD     atBMK    TlLB.        B7    JOBN 

Bncsut.    BMoad  Impnnlon.    Grown 

Bvo.  ta.  

A    LODGE    IN    THB    WILDEKHEBS. 

Second  ImpredlOB-   SborCdflnySTO.  Al- 
THE  MOON  BNDtTRBTH:  TiLa  ud 


graplisr-ICoyil  for  Scotlud.     Cbetper 
SditioD.     In  8  voU.  orown  810,  U.  id. 

THE  BOOK-HDNTBH.  AN«wKdlt(Dn, 
with  ipeciall)'  deslgnort  ntJa-psge  ind 
Cover  bf  Joseph  Brown.  Piinted  on 
intiqna  Uld  paper.    Post  Sto.  U.  Od. 

BUTE.  JOHN.  MARQUB5S  OR 
THE  ROHAN  BRBVIART.  Rafbnnad 
byOnler  or  IheHolf  tBcmnumlcBlGouTi- 
ofi  of  Trent;  Piibllelied  by  Ordor  of 
Pope  at  Piui  V. :  ud  ravtaed  by  Cle- 
ment  Till,  and  Crbu  Tnl. ;  b»etber 
wjth  Iba  Onaa  tiact  gnnted.  Tnuia- 
lateil  out  of  Litis  loio  Engliah  by 
John,  UaBijuiss  or  Bvri,  icrr.  New 
Edition,  Raviead  ud  Eiiliised.  In 
4  rale,  crown  gvo,  4Ia.  net.    In  1  *oL 


b,Goo(^lc 


WUUam  Blackwood  &  Sons'  List. 


CALLWELL.   COL.   C  B.,   C.B. 


SEBKONKB,  FRATRIB  ADM, 

PB£lf  0N9TRATSHS1S,  &c  TweDtf- 
^h(  Dl«coui«a  of  Adoii  Scotiu  of 
Whithorn,  hllharto  unpabUgtol :  to 
whlcb  li  wlded  ■  CaU«tlon  of  NatH  bf 
In  or  the 


not 

LL.D.,Ae.,  bTWALimmOaiv , 

I.L.D.,  P.S.&.,  ortht  BrltUb  Kasanm, 
to.    Bojml  »m,  Ka.  oM. 


to  the  Holy  Ofllo«  ol  , __, 

Uw  OuiW7  Iiluda.  Fnpuvd  u 
lb*  dlnotJon  or  tbt  Uta  lUuun 
BiTTt,  E.T.,  LI..D.,  br  (ViLTH 
Out  Bourn.  LL.!).,  F^.A.  I  ' 
lojal  Svo,  41,  >>■  nat. 


L0N5> 


BUTE,   MACPHAIL, 

DALE. 

THB  ARMS  OF  THB  ROTAL  AND 
PAKLIAVENTART  BUE10H8  OP 
SCOTLAND.  B;  Jobn.  HutQcn*  or 
Bun.  K.T..  J.  R.  N.  Mtaraui^  4Dd 
H,  V.  LoinDii.it.  With  111  SngnT- 
iBg*  Dn  wood,  and  II  oUier  niDgtn- 
tlooB.    Onwn  Ito,  £1,  U.  nat. 

BUTE,     STEVENSON,     ud     LONS- 
DALE. 

THB     BARONIAL 


Ti  4b>,  £1,  Sa.  iwt. 


>,   PRINCIPAL. 

DZA.     (Phlloaoi" 
-^liihBaiden.)    E 
Fop.  Svo,  U.  DSt. 

CALDWELL,      PROFESSOR      WIL- 


H'aill  DniTanltr,  Hod 


TUB  BFFKOT  OP  UABlVlMB  C 
HAND  ON  LAND  GAUPAtONS 
BINCB  WATERLOO.  Br  OoL  C.  K. 
OuLinm  aa  with  PUn*.  Fact 
Sto,  Sa.  nat. 

TACTICS  OF  TO-DAT.    Bectnid  Bditdon. 


THB  TACTICS  OF  HOUB  DBPENCB. 

Crowti  Svo.  3a.  U.  nat. 
SBRTIOB    YARNS     AND     RBKtNIS- 


CALLWBLL,  J.  M. 

OLD  IRISH  LtFK.    BrJ-M.CuJ.wi 
HlDitntad.    Damj  Sro,  10a.  nat^ 


THB  MAHTLB  OF  THB  BAOT.  B/ 
BniiiTiiD  CiniLiK.  DhutiMad.  Ctdwb 
Btd,  S*.  D»t 

THB  OENSRAI.  PLAN.   Grown  Sto,  Aa. 

CAREY,   WVMOND. 

"No  101."  nfth  Impraaalon.  B;  Wt- 
noHs  Oabct.  Crown  Std,  Si.  Chtap 
BdltloD,  la.  nst. 

CARLYLE,     SIR     R.     W.,     K.C.LB., 

asd  A.  J..   M.A.,   D.Un. 
A   BISTORT  OF  MBDIfVAL   FOU- 
TICAIi    THEORY    IN    THB    WB8T. 
Br    Sir    R.    W.    CABLTUt,    K.C.I.R., 
Balllol   College,    OitBrdj    and    A.    J. 

■-  -      D.LItt.,  Cheplaln  and 

— ■— "   -'  CnlTeralty 


iirer   (late    1 
m,  OlTord. 


Cantnry  to  tha  PollUeal  Wdten  of  tho 
Ninth.  By  A.  J.  Giiu.n.E.  ISa.  net. 
ToL  II.— Demr  tn,  IM.  laL 


E  BDS80.JAPAKESB 


Gtonoi    CHCani 


CHRISTIE.   REV.   OEOROB.   B,D. 

THB  INPLUBNCE  OF  LBTTBRS  ON 
THB  SOOTTISe  REFORM  AT  ION. 
BrRar.  OioRoiGHitiBni  B.D,    Crown 


b,Goo(^lc 


QeDcral    Literature. 


,      .      .     ._.■   Xulkl 

Rttidan.)    B;  Btv.  t.  Cehsoh.    Foip 
Bn>,  la.  Hat. 


TB»  Chdbch  BERTira  BocirtT.  Ninth 
KdJUoa,  canfnllr  niliciL  In  1  voL 
orown  Sto,  oloth.  So.  Sd. ;  Fnnoli  mot- 
occo,  5c.  Alio  Id  t  vcili.  cnnm  Sto, 
BlDtfa,  M. ;  Fmeli  moTDCoo,  S*.  M. 
DAILT  OFT  ION  FOR  HORNIHG 
AND  ITBHina  PRATER 
THBOUOHOUT  THB  WBBK.  Oromi 
tTo,te.M. 


CLODD,   BDWARD. 
THOKAB  HBtntr   HOXLET.     "Ho 
■n   Kngllab   VilUn."     B;   Bpwii 
CLOia.     Onnni  Sto,  la.  Dd. 

CLOU5TON,  J.  STORBR, 
THE    LDNATIO    AT    I.IRGK.     Bf 
Stobcb  OLOunoH.    NlnUi  Impnnlo 
Cnnrn  Sro,  tt.    ObHp  SdlUon,  1l  ni 


COUNT  BDNEHIt:   Brii 


EEB :   B^Di  ■  8(niii!l  t 
Kt  L*igc.'    ihlfd  impni 


OARKISOATH.    OownSn.ta. 

COLL1N5,   C   W. 

SAIHT    aiHON.     <Fonlpi  ClHif 
Englldi  R«d«1.)     B}  C.  W.  Oo 


COLLINS,   W.  E.   W. 
LBAVSB     PROIL     THE     DIART     OP 
A      CODBTRT      CRICEBTBR.       By 

W.  E.  W.  CoLUli*.    Oioini  8io,  (ta. 


COLUHB.    Pap.  Bvo,  la.  lut. 
KONTAiONB.      (Fordgn     Clurics    for 
BniUiti  Boidea.)    Feap.  Sto,  Is.  net. 
FONTAINB,      _AND_      OTHKR 


HOUBlLlLIAS-HOIIBR.ODTSBBr— 

VI  RQir,— CICB  RO-ABIBTOPHANBH 
— PLAUTU8  AND  TBKKNCB— LUC- 


COMBE.   Mils  KENNETH. 

CELiA    kihkhaM'B    bun. 

KimnH  CokH.    Bacond  Im] 
SEBEBBB  ALL.    OrD«D»T(i,ti 


CONRAD.   JOSEPtl. 


YOUTH:  A  Niit»*Tm.    Third  Imprsa- 

COOPGR,   RBV.  PROFESSOR. 

LITDROT  OF  1M7,  COMMONT.T 
CALl^D  LAUD'S  LITUBOT.  Bd- 
IMd  bj  tbe  ReT.  Proftnor  CooptK, 
D.D.,  Olugow.    CrownBro,  Ta.M.  net. 

COPLESTON,  BISHOP. 

aSCBYL""     '■— '— "i- 
liib  Re 

CORNFORD,   U   COPE. 


COUNTY  HISTORIES  01 
LAND.  lndMir*.oTO[ui 
360  pp.  ewb.    With  Hup*. 


he^oltt 


b,Goo(^lc 


WlUiam  Blackwood  &  Sons'  Ust. 


COUNTY     HUTORIBS     OP     4C0T- 

LAND—oiMd. 
DUKFRISa    AND    GALLOWAY.     By 

Sir   Hkmut   Haiwcll,  But.,  U.t. 

8«ond  Bdliion. 
HORAT    AND    NAIRN,      fir  Obaklh 


,    ty  Sir  aio«Q«5 
ABBRDBBN   AND   BANFF. 


FAMOD8  DUELS  OF  THB  FLBBT. 
Bt  e.  B.  MoHir  CoDTK.  Witb 
CokxirM  Frontlapiece  ■nd  lUugtrmUons 
bf  N.  WUUbhil    CniwD  Sto,  «>. 

CRAIK,  SIR   HBNRY,  K.C.B.,M.I>. 

A  CKNTCRY  OF  SCOTTIBH  HIS- 
TORY. FniD  the  Diyt  before  the  'U 
to  thoes  wlitaLn  llrlng  MemorT.  Br  Bit 
HisRi  Cbiik,  K.C.B.    Wfth  Portritu. 


MONSIEUR    OARNIFEX.    Cicvd  Svo, 
IBE  ALIAS.    Crown  Svo,  U. 

CRAWFORD,    P.   MARION. 

SARACINBSCA.  By  F.  UiBioil  Caav- 
FOKD.  Crova  Svo,  U-  M.  Chup 
Bditlcin,  la.  net.    People'i  BdltlDn,  «d, 

CROALL  LECTURES. 


TBE  NEW  WORLD.    By  J. 


3DUUTC  Ouxm. 


CUMMINq,  C.  p.  aORDON~-«»Id. 
FIRE-FOnHTAINS.  lUutnud,  SM. 
aRANITB    OBAOa.     Poet  9vo.      nnu- 

tnlwL    Cheap  Bdltlon.    «k 
WANDEKISOS  IN  CBINA.   Smallpoat 

«TD.    Cbeap  Edition.    «i. 

CURTIS,    MAROUERITE. 

THB    BIAS,     Bj  r 

CnrwD  Sto,  St. 
UABCIA:     a  Teahdcutt  nuw  Lira. 

OH  I  FOR  AM  ANOBL.    Oniwii  8to,  ta 


BATTLE.     By  Admlnl  8 


DAVie5,  J. 

HBSlOb  AND  THBOONia.  (Aneienl 
Clueiu  for  Bngllali  Reiders.)     By  J. 

CATDLLU3.  TIBDLLUa,  AND  PRO- 
PERTIITB.  <Anclent  Clutlc*  for  Int. 
U«h  Readen.)    Fap.  Svo,  It.  net. 


PRINOIPLKOP  PHILOSOPHT  OF 

DBSCARTKS.  TnnsUtad  fmn  tba 
oilgliul  Francb  and  Latin.  With  a  naw 
Inrrodni^rj    Biuy,    Hiatorioal     r--" 


CROSTHWAITB.       SIR     CHARLE5, 


-_.       CHARLE5, 

K. C.S.I.  THARUItPGRTABmNOH. 
<u>d  Diher  Talea.  By  Sir  Ci<Aiii.n 
Ckobtbwaitk,  K.C.S.I.    Crown  e 


t«entb  EdldoD.    < 


■   V«iTCH,    LL.D. 


CUMMINQ,   C.    F.   GORDON. 

MEHOBieS.     By  O.   T.  Qordoh  Cdl 

AT  HOUB  IN  FIJI.    Ports™,  ««. 

A   LADTB  CRUISE    IN    A   FRENCH 

HAN-OP-WAR.    Cheap  Edition.    «a. 


SUN  I A      AND 


tocoDd  Edition. 


OTHER      STORIES. 


b,Goo(^lc 


Oeneral  Literatore. 


D00D5  mad  MACPHERSON. 
TBI  LlCBOaiHO  A0T3  (SCOTLAND) 
CONSOLIDATION  AND  AMEND- 
HBHT  ACT,  IMS.  AnnoUud  by 
J.  H,  Doom,  CB.,  ol  the  SootUsb 
"---       ■-■  t-Edllor  of  Ili«   'Pirii" 


Coandl     OuJds 

8«nUrr  u  Uw  Lord  Adn 
1  nL  envn  Sro,  it.  mt. 


TAClTnS.    {AncHntCl 


DOUflLAS,   CHARLES,   M.A.,  D.Sc. 

THB    ETHIC8     OF     JOHN     HTUAST 

HILL.     By  Chabld  DodoLtB,  M.A., 


ELIOT.  oeoRae. 

THB   NBW    POFOtiAR   RDITIOH   OF 
OBOBOB     BLIOT'S     W0RK8.     wlUi 

PhotosrtvOTB  FronOaploOB  to  act 
VoLdida,  from  DnwLiu*  by  WJlliftin 
HaUiarell,  B.L.  Bdgu  Bandy,  R.L, 
Biam  Shiw,  R.I.,  A.  A.  T»n  Anrooy, 
»  OtelifeDbagBn,  Cliadfl  A.  Sb^ 


d.  uL    Tan 

EHia  or  CLiBicjki.  Lint. 


JOHN    STUART    MILL:    i 

BU  PaiLOSOPKT.       OTDlia 


wndii     Ol.     Tb.     U.kiko     of    tui 
aHBTUsB  POBV,    By  J.  CoH«*ll  EWim, 


DURAND,  SIR  H.  MORTIMER. 

A  aOLIDAT  IN  80DTB  APBK_ 
By  ths  Bigbt  Hon.  Sir  H.  M.  Doituni, 
a.C.M.a.,  K.C.B.L,  Ac      Crown  Sni, 

LIPB  OF  THE  RIOHT  HO\.  SIR 
ALFRED  LYALL,  K.C.B..  G.C.I  E., 
Hon.  D.C.L.  (Oion.),  Hon.  LL.D. 
(CuitBb.)    Oemy  Svo,  IS*,  net. 

ECCOTT,   W.  J, 

FORTUNICa  CASTAWAY.     By  W.  J. 

■a.viT.    Crown  8vo,  <•. 
HIS  IKDOLBKCE  OF  ARBA3.    Crown 

TUB  HEARTH  OP  HUTTON.     Grown 

THE  RED   NEIOHBOUB.    OrowD  Bn, 

THB  BACKOROGND.    Crown  STa,ta. 
A  DBH0I8BLLB  OP  FRANCS.    Onwi 

THB  8BCOND  CITT.      Crown  Svo,  4a 

THB   HERCENARV.      A   Talc   of  the 

Tliity  Years'  War.    Crown  Svo,  < 


OEOROB    BLIOrS   I 


LIFE     AND     WOBKB     OF    GIORGB 

ELIOT  (Warwick  Edition).  14vo1nn>u, 
cloth,  limp,  ^Lt  top,  31.  net  per  volume ; 
lutbn,  llntp,  gilt  top,  ii.  M.  net  p« 
volunw:  lutfaer.  gilE  lop,  witli  book- 


Uiui  BiDi.    SlSpg 


TBI  Limn  VuL.    SU  p] 


H  Oinr ;  JnAi. 


F  OBOROE  BLIOT  (Standaid 


X  Holt,  t: 


I  Fuwa.    tvoU. 


H  Qmr.    1  VOL 


b,Goo(^lc 


WilUam   Blackwood   &   Sons'  Ust. 


BLIOT,  QEOROe-HBnJd. 

LIFB  AND  W0BK8  OF  OEOROB 
BLIOT  (Cabinet  BdlC<oii>  M  f  o9lini«, 
orowa  Bro,  prtcB  M.  Alfo  to  ba  liul 
bMnUmoelr  Kmnd  In  hairmnd  full  calf. 
Tba  VohuDai  an  nld  Hpantely,  bound 
In  sloth,  prlM  ts.  each, 

NOTBLS  BT  OBORGE  BLIOT.  Popu- 
Ur  eopyright  KdltiOB.     ' "  — 


g,  ^oa  Si.  M,  • 


Ctoini  Bto,  fi«- 

lUPRBSaiUHB    OP    THBOPHBABTDa 

aUCH.     Nsw  BdlUoD.    Crown  Hvo,  U. 
THE  SPANISH  OTFSr.    N*v  Edition. 

Cniwn  Sto,  6a. 
THE  LEOKND  OF  JUBAI.,  abd  omn 

Fcnn,  Old  un  Niw.    Nair  Edition. 

Crown  Svo,  fia. 
BILAB   HARNER     Naw  Edition,  witli 

Illnatntiona  b]'  Ba^naldJIirDh.    Orowii 

d  .Edition,  wlt£ 


SCENES  OF  CLERK 


3ie»p 
IGAL 


tr»OonibTH.R.M 
plain  clolfuSa.;  par 


THB   MILL   ON    THE    FLOSS.      HEW 

WI8B,    WHTY,    and'  TENDBb'  SAT- 
ING8,     IN     PROSE     AND    VERSE. 
SelMted  from  Chs  Worka  of  Omn'— 
BuoT.  Nflir  Edition.    Fcap.  Btd,  aa.  ( 
BLLI5.   BETH. 
RLIHD  MOUTHS.    Cnnrn  Sto,  «1. 
THE   MOON  OF   BATH.      Fourth  I 
Trown  Sto,  «9.    CbMp  Bi 


BVERARD,  K.  S,  C. 
HISTORY  OF  THE  ROTAL  AND 
ANCIENT  OOLP  CLDB,  BT  AN- 
DREWS, fir  H.  a  0.  ETIBino.  With 
E^bt  Oolonnd  Poilnit*.  down  410, 
11a.  not. 

OT0BIE8  OP  THE  ENatlBH.     B7  F. 

With    M>    lllnntntlana.     Crown    iio, 
■a.  «d.  nit 
PERRIER,    PROFESSOR. 

PHILOSOPHICAL  REMAINS.     Onwn 
Bnt,  l*a. 
FERItVMAN,       UBUT.  -  COLONEL 
A.  F.   MOCKLER' 

THB  LIFE  OF  A  REGIMENTAI. 
OFFICER  DURING  THE  GREAT 
WAR,  17BS.1815.  Compiled  from  the 
ComapondenOB  of  Colons  1  Bamual  Riea, 
CS.,  K.B.,  Hat  Light  InfcnUy,  and 
from  other  aoumsa.  By  Llsul.- 
Colonel  A.  F.  UocKLn-FrntFLVHAir. 
Demy  Byo,  lOa.  «d.  net, 
PESTINO,  flABRIBLLB. 

WHEN  KINOB  RODE  TO  DBLHL 
By  GABfunLLi  FuTiira.  Illuitr*t«d. 
SMOod  Impraalon.    Oaoj  Gvo,  It.  M. 

PBTTBRL^SS.  ARTHUR. 


WILLIE    IK    THB    ISLE     OF    MAN 

(AND  AFTBR^     Crown  8vo,  «a. 
THE  POMANDERS.    Crown  S>o,te. 
FLINT.  PROFESSOR, 


Fliht,  D.D.,  LL.D.    10".  «d.  nW. 
STtTDIEB  ON  THEOLOGICAL,  BIBLI- 
CAL,     AND     OT    SR      SDBJECTa 

HISTORICAL  PBJLOSOPHT  IK 
FRANCE  AND  FRBMCH  BELGIUM 
AND  BWITZBRLAND.    Sto,  lU. 

THBIBK.       Twelfth    BdlUon,     Rfirlaad. 

ANTI.THBI8TIC  TSeoaiBS.     SlghU 

TICO.  (PhlloiopblealCluBlcsrocEngllab 

Rsdera.)    Fnp.  Svo,  la.  at'. 

FOREIGN     CLASSICS     FOR     ENO- 

LISM    READERS.     Bdltad  hj  Mrs 

Olipbiwt.     Pri«   la.  tmeb   Bft     For 

UM  tj  Cod.  ™  p.  BS. 

FORREST,   SIR  Q.   W^,_  CJ,_E_._ 


UtcrBtoie.   Unli 


LIFB     OF     FIELD  -  MARSHAL     SIR 
HBTILLB        B.       CHAMBERLAIN, 

G.C.B.,    a.O.S-L      with    two    Photo- 
gr»iur»  Portialta.    Demy  Svo,  18e.  nrt. 


b,Goo(^lc 


QenenU   Uteratore. 


FORSTER,  B.  M. 
WHBRB  AH0KL8  PKAR  TO  TREAD. 

SS.  U.  TaSRiK.    CnwD  Kro,  «a. 
LONOEST    JOCRKBT.      BMOBd 


FRANKLIN,  Ml  LBS. 

flOHB  IVntTDAT  FOLK  ASDDAWM. 
Bt  UiLU  PfumuH.    Crown  Svo.  da. 
PRASE  R.    PltOPB5SOR    A.    CAMP- 
BELL. 

FHILOSOFHT  OF  THEISM.  Bolsf 
th«  OUfDrd  L«oturH  dAllTfowt  befbn 
(ha  DotTsnttj  ol  BdlDboiBh  In  18M- 

M.     B7  ALEIUIDXB  OaHFUU.  FBKEB. 

D.O.L.,  Oifoid;  Brntrltui  Tmttmor  or 
Lwle  ud  llataplinl«  In  (dis  UnlTrnttr 
etiillnbiirili.  SMOndMithni.Rniwid. 


[KLIT.    (Fl 


Xagllih  Rsului. 
PRASBR.  DAVID. 
THE  MAEICHES  OP  H  IN  DUST  AM. 
Th«  ReeoTd  of  ■  JoonHT  In  TUtxt, 
naIu-Hliiua>r»a  IniUi,  Chln*H  Tni- 
kaitan,  Bonlui  Tnrkiwtan,  and  ?«»(■. 
Vy  DiTiD  PiiuniL  With  IlliutniUani. 
■hpa,  knd  Sketches.    Dnny  »td,  £1,  !■■ 

THE  SHORT  COT  TO  INDIA.  Tht 
RtoaHl  ot  1  JOonieT  alans  tli*  Ronta  el 
tk«  Bvbdad  BallwaT.  WtUi  St  imuO)^ 
Uona.    Beaond  ImiiLMilon.    Dtnr  Bn, 

^*  RBTOLT. 

B   lUuttntlona.     Dtmj 

Bro,  111.  «d.  DM. 

FRENCH  COOKERV  FOR  BNOLISH 

HOMES.     FonrCh  IiopreHlon.    Crown 

Sto,  doUl,  S*.  M.     Pnnch  monwoo,  Sa. 

PULTON,   T.   WBMYSS. 

THE  BOTBREIQin'T  OF  THE   SBA. 

An  Hmortcal  Aeeoontof  tlia  Clalnu  of 

Bnslud  to  th»  Dominion  of  the  Britiali 

S«>,  and  oT  tbe  Evohttlon  of  (ha  Tbt- 

Tttorial  Watcn ;  with  ipsdal  Tofansw 

to  tha  Rlghtaor  Slahlng  and  the  Naval 


Plahfriae    Problamii,    The    Unli 


and    tfap 


?'!^' 


rroDieiDi,    Lfle 
With    dharta 
Damy  Bro.  Ui.  uet- 
FVPE,   H.   HAMILTON. 
THE    NSW    SPIRIT   IN   EOTPT.     By 
H.    Bahiltvit    Prra.     Wltb  lllnatr*. 
Uona.    Crown  Sro,  ta.  nut. 


OALT,  JOHN. 
THE  PROVOST,  fee     By  loan   Oalt. 

lUutratedlHaidB,  la. ;  cloth,  la.  ed. 
SIR     ANDREW     WTLIB.      lUtutntsd 
boardt,  la. ;  oloEh.  9l  M. 
OENERAL     ASSEMBLY     OP     THE 
CHURCH  OF  SCOTLAND. 
BOOTUSH  HTBNAL,  WITH  APPEN- 
DIX INOOBPORAIVa    PnbUahad  fOr 
nae  In  CAntehea  bj  AnthoriCy  of  the 
0«nemlAaaanibl7.    L  LaTgetTpa.elotti, 
rod  adgta,  li.  td. ;  Pnnab  luoneso,  4i. 

•    " '-    tjpe,    Ucnp   eloUi.    la. ; 

D,  b.    S.  HoDpanll  t]rpSi 
*     Pnoch  moioi 


J  OP  PBATER  TOR  SOCIAL 

AND  FAHILT  WORSHIP.  Pnpand 
br  *  Spadal  Oommlttea  of  tha  ONMral 
Aaaao^  of  th*  Chntoh  at  SeatlauL 
New  M&Uoa,  Bartwd  and  KDlaigad. 
Ftep.  Bto,  la  td.  net.    FrsDDli  nonioco, 

PRATERS  FOR   FAHILT  WORSHIP. 
',  SetMtlon  of  FDnr  Weeks'  Pnyen. 


ONE  HUHDBBD  PRATBBS.    Pnpaied 

by  the  Dommlttae  on  Aide  to  Darotlon. 
ll^^lo,  cloth  limp,  ti.  nat 

HORNINO  AND  SVENINO  PBAYBBS 
FOB  APFTXINQ  TO  B1BI:BS.  Pre- 
nmd  by  the  Cnmmittee  on  Aide  to 
iMvotloIL     Id.  (or  e.  or  la.  per  100. 

—    — ■ —  FOB  SOLniBita     Prepared 


PRATBBS  FOB  SAILORS  AND 
FISHER-FOLK,  Frepand  md  Pnb- 
llebed  by  Initruetlon  of  the  Oanerat 
Aosmbly  of  the  Chnreh  of  Scotland. 
Feap.  Svo,  li.  nefc 
OBRARO,  B.   D. 


BBOOAR    HT    NEIOBBOCR.     Chop 

Edition.    Ctnwn  Bto,  ia.  44. 
THE      WATBRS      OP      HBRCDLEB. 

Cheap  Edition.    Crown  Bto,  la.  M. 
A    SBKSITITB    PLANT.      CrawD  gro, 

OERARD,  E. 


HONOUR'S    0LA88T    BUBBLE.       By 
B.  OiiuaD.     Crown  Bto,  Ba 

PORSmNER.      Ad    An«lo-Osinun 
Study.    Orgwn  Sra,  Sa 


b,Goo(^lc 


&  Sobs'  Ust. 


QERARD,  DOROTHEA. 
ONE    YKAR.      Br  Kobothici   Ohuk 
(HuluiM     liOD^^nl     ds     Longgarde; 


THB  WROKO   MAN.     BMond 

Crown  Svo.  6i. 
LADT  BIBT.     CGup  EdlHon 


STONTriDRST      LATIN     OBAUUAR. 
Sr  Rbv.  J.  QiuRD.    SecoDd  tCdIUan. 

OIBBON,   PERCEVAL. 

80DLB  tV  BONDAGE.     Br  PnunTAL 

OiBBoa.    Cnwii  Bto,  te. 
THB  VROnW  OROBBLAAB-S  LKAD- 

IKQ  CASBS.    Crown  Std,  Si. 
SALVaTOR.     Ctqwd  Bid,  te. 
aiPPORD  LECTURES,  EDI NBURQH. 
ISu  vndtr  Piunit  uid  Tnu.) 


OOUDie.    OILBERT. 

THK  CELTIC  AN1>  BCANDINAVIAN 
ANTHiOITlBB  OP  SCOTLAND.  By 
GlLBEHT  OiiDiin,  P.a.A.  Scot.     Demy 


ROUSSBAC.       {Fan/tga 
Bn^glisb   Snden.)     By  I 

QRAHAM,   J.   EDWARD,    K.C. 

A  MANdAL  OF  THE  ACTS  RBLAT- 
ING  TO  BDUCATION  IN  SCOT. 
LAND,  (FOiindtd  on  lh«t  of  tke  Iilc 
Hr   Crtig    Sellu.)      By    J.    Kdwurd 


J.   EDWARD.-i 


ELECTJ0N9 

Ddtl 


TKns  r6]la'nces  of  bootland. 

By  B.  NjUTom  Osah^h  *Dd  B.  Patvk 
■on.   UlutnUoiu.   Sacoudln 
Crown  ITD,  Sl  oat. 


With    thne    Pih. 


QRANT,  SIR  ALBX. 

XBHOFHOH.  (Ancient  Cluilca  fDr  Eng- 
lish Raden.)  By  Sir  Alit.  Ouirr. 
Peap.  Svo,  !■■  lul. 

ARISTOTLB.  <Anclent  Oluiica  lor  BBg- 
llah  Raden.)    Faji.  6vo,  la  not. 

GRANT,  UBUT.>COLONEL  M.  H. 
(■'LINESMAN.") 
TBB  MAKERS  OF  BLaCK  BAaAITBS. 
By  LiBitT.  -  CoLOHiL  M.  H.  Gkut 
("  Lihuhui  1.  Hliutnting  ueu-ly 
BOD  pl«cea.     Demy  Ito,  (la.  oat. 

ORBY,    DULCIBELLA   ETHEL. 

POBMa,  By  Di]L(n>B.u  Eran.  Gun. 
mth  ■  PisfltorT  Note  by  H.  Cfaolraon- 
deley  Pennall.  Demy  Svo.  Vtllsin, 
llB.  «d.  net;  half  TeUom.  Ti.  ad.  nel. 

ORIER,  SYDNEY  C. 
HIS  EXCELLENCY'S  ENGLISH  GOV- 

BBNEBS        By  Svdhit    O,    0>ru. 

Third  Iraprautoo.     Crown  Bm,  t*. 
AN  UNCKOWNBD  KINO:  A  Rokikci 

or  Htau  POLitin.     ThInI  ImpnHton. 

PBAUE   WITH   BONOUa     Thiid  In. 

preHtoo     Crown  6to,  0a. 
A  CROWNED  QCEEN:  T«K  Rauns 
-         r  State.     Third  In. 


iRFdtdbi.   Fourth 


Second  Impreuion.    Crown  Sro,  A 


b,Goo(^lc 


Qeneral   Lfteratnre, 


ORIBR,  5YDNBY  C.-Mld. 
THE      9RBAT      PROCX>NSUL.       Tb* 

Mamoln  of  Hn  Hsnar  Wud,  fonnarl; 

In  tb«    timlly    of  the    Hon.    Warreo 

HftitlDgflj  ^"1^,  Ut«  QoTBrbDr'QfilifirAl 

or  lodlL  Cnmrn  Std,  «■. 
THK  HKIR.  Otowd  Sto,  Si. 
IHB  POWBR  OP  THE   KBY8,     With 

nitutratloiu   br   A,    PMTCfl-      Ftmrtb 

ImpmaiDn.     Ctowd  Std,  tt.     OhMip 

BiUtlaii,  1>.  ncl. 
THE  HKBITAQB.     Xiurtb  ImpnHlon. 

Cniini  Bto.  ti. 
THB    PATH    TO     HONOnR.       Third 

ImpnailoB.     Crowti  Sro,  Sfl. 
THS  PBIZB.    Cronn  8ra,  «L 
THE  KSBPEItg  OF  THK  OATB.    WItti 
■         .    Peuicb.      Thint 


Imprwiloa.    Croim 
THB     ADVANCED     QUARD. 

BdlLlOD,  IL  nst. 
ONE  CROWDED  HOUR. 

DMlgn 


t.  Puuc    Third  lupn 


With  Covei 
Dtliplen  bj 
lion.    Crown 


HAMILTON,  MARY,   D.LItt. 

SHHBK  SAINTS  AND  THEIR  FSaTI- 
VAI&      Bj  Habt  Huiiltoh,  D.Lltt 


Qtnenl  L.  B.  Kiooell,  C.B.    Ito,  witb 

Mip*  ud  PUni,  Ka. 
THOMAS      CARLTLB;      Ax      Ehat. 

Second  Edition.    Crown  Bvo,  U.  td. 
ON  OUTPOSTS.    Second  Edition.    Svo, 

LADY  LEE'S  WIDOWHOOD.  Crown 
Bva,  9*.  M.  1  New  Edition,  orown  gvo. 
ta, ;  cloth.  2i.  M. 

VOLTAIRE,  foreign  Clualu  rot  Bnglllh 


>  HEN.    Wllb  IllnitiBtloni. 


QRIERSON,   PR0PBS50R  K.  J.  C 

THl  FIRST  HALF  OF  THE  SBVBN- 

TBBNTH     CENTURY.      (PMlod»    of 

Europeu    Lll«ntui«.)      By   Profei 

E.  J.  C.  OBUUoa.   Cniws  Sto,  iB.  1 


__iinsAlar     hobnkb     and 

SKETCHES.     Br  F,  Hakduh.     Illua- 
tntdd  flOTdr,  li. :  okrth,  I*.  U. 

HARRADBN,  BBATRICB. 
SBIFS  THAT  PASS  IN  THE  NIGHT. 
Bj  Blinuoi  HauadB).     Illnstnl«4 


iR^s  OF  Tkt  soornsH  yol- 

ONTBER  FORCB,  ISM-lWe.  "" 
lUlor'aensm  Sir  J.  M.  Oni»b»n, 
K.CB.,  K.aH.0.     With  «  Ccloored 


HAMERTON,  P.  O. 

WESDBRHOLME.  Bj  P.  0.  HiunTOH. 

Crown  Svo,  it.  Cd. 
MABHORNB,    Crown  Svo,  Bl  U. 


HiMiLToiL      Illuctnted   boudi,    lU- ; 


UNTOLD     TALES     OF     THB     PAST. 

Wttb  W  Illlutntiona  br  H.  R.  HUlw. 

Squrt  crown  Sro,  gilt  (op,  De.  nut. 
KATHARINE     FRBNSHAH.       Crows 

HARTLEY.  OILPftlD  \ 

=...„     ""ORT     WITH 
LHOK'SOD. 

Wlthnumert_ 

In    pbotogrmvore   and   bilf.toni 
dimwlngi  b;  O.  B.  Lodge  ud 


b,Goo(^lc 


WUllam   Blackwood  &   Sons'  List. 


HISTORY     OF    BRITISH     FOBBIflH 

POLICY.         B;     Abtrdb     H*ualu 

tlAY,   BISHOP. 

THX  WOKKS  OF  THB  BIGHT  RBV. 
DB  OBOROB  BAT,  Bishop  oT  Bdln- 
borgh.  Bdit«d  ludec  the  ■nperrtelDn 
at  the  Rlgbt  Bev.  Bisbop  Bthaih. 
"— -'-    --*    Portreit  of   Ui» 


Witb    Uemolr    i 
AuUior.    i  Tolg. 


"THB    I 


iwBiT.  VonKb  np|««Hloii. 

,  is.    ChMD  Bditlou,  It  net. 

fET    STDA.-     aonu   Bpl- 

le  Cdtmt  of  1  North  Briton. 

Piftb    Impreulan.      Oraim    flvo,    Ob. 

Ctaeip  Bdftloii,  IS.  net. 

A    HAH'8    MAN.     Thinl     Impwilon. 

Crown  Sio,  ea.    Cbeip  Bdltlon,  Is.  net. 


nAFPT- GO- LUCKY.      With    FronUi 

hj  Chulee  E.  Brock.    Crown  Sio,  ta. 

MAVWARD, 


nenuNA,  mrs. 

3BLBCT    POBMH  OP  KBa   BBMAN8. 

Fop.,  cloth,  gilt  pdgee,  8a. 


HBNOBRAON. 


>    TIMBB    OF   JOHN 
len  of  WadbuD  Col1eR^ 
ijiiora;     Buur    of   Trinity    Coiiege, 
C&inhrid)(e;    and    Blahop   of  CheeCer. 

By  P.    A,    WRtOBT  H  KHDIBSon.       Wlta 

IlinstMtion..    Pott  4to,  6e.  net 
HENDERSON.   RICHARD. 

THE  TOUNG  IHTATR  HANAOBR'S 
GUIDE,  By  Richard  Hiwcma'iN 
Uemt-er  (b;  Xmniiiuitlon)  of  the  Royil 
A^rlcDitur&l  Bociaty  of  Bngluid,  the 
Highlund  and  Agricultural  Bociety  of 

tiun.     With  an  Introduetion  hy  Pro- 

Scoliand  Ttehnlcal  OuSli^.    WllbFlUu 
and  DiagiKBii     Crown  9to,  Sa. 
HEUSON.   H.   HEN5LEY,   D.D. 

THB  RELATiON  OF  THE  CHURCH 
OF  ENGLAND  TO  THE  OTHER 
REFORMBD  ceURCHSS  (Rokebt 
Ld  LtCTOB«,  1911).  By  Canon  H. 
HcMI.IT   HnnoK,    D.D.    Demy  gro, 


HGRPORD,  PROPfiSSOR. 

BROWNING.  "IlodenBngiiahWrllcn.* 

Kr  C.  H.  Huiroiui,  litbD.,  FnAHor 

of  Bngllafa    Utentim,    UiilTa*it]P  of 

HanebeatAi,    2a.  0d. 

HERKLBdS,PROPBASOR,wldHAN. 


EoelealMtiol  Hltloir  in  the  UBirenl^ 
of  at  Andrewa  ;  and  Rounr  Kznn 
Hanhiy,  Curator  of  Hlatorjcil  Depart- 
ment, Reeleler  Honae,  Edinbargh. 
Poet  Bvo,  Tb-  »d.  oat. 


HIMS  ON  HOCKEY.    With  PUua  and 

Buiea.    New  Edition.     Peap.  gro,  la. 
HOBART-HAMPDBN,   I 


HOOK,   DEAN. 
PBN  OWEN.      Br  Dean  Hoai.     nina- 
trated  boarda.  la. ;  cloth,  Ii.  «d. 
HOPS,  JAMB»  P.,  M.P. 
A  HISTORY  OP  TBB  IMO  PARLIA- 
UBNT.    ByjAHM  F.  Hope,  U.P.     In 
two   voInmeB.      VoL    I.     l3ronn  Sro, 

HUME,    DAVID. 

DIALOG  OB  B  OONCERNING  NAT- 
URAL RBLIQION.  By  Datis  Hmc 
Reprlntsd,  wttb  an  IntitidnctloD  by 
" "'" D.PhlL     Orown  Svo, 


THB  ^ULTtPLIOlTIBS  OF  UNA.    By 
E.  DouoLU  Hdhi.    Crown  ttvo^  6*. 
HUNT.   C.   M.  a. 

A  HANDY  VOCABULARY:  Eboubb. 

By  C.  M.  G,  HiiKT.    SmaU  Stq,  1j. 
HUTCHINaON.   HORACE  O. 
HINT8    ON    THB    OAMB   OF  GOLF. 
By  HoRici  O.  HnTOHiKBOK.    Tweiflh 
Edition.  Rerlaed.     Fcap.  Svo,  cloth,  li; 
HUTTON,   EDWARD. 
ITALY     AND     TBB      ' 


GATE  A  PARTY. 


INNES.   A.  TAYLOR.    LL.D. 
PRBB  CHUROH  UNION  GAflB.     Jodg- 
ment  of  the   Honaa  of  Lmdi.     Wltli 
lotnducUoB    by    A.  Tatlob    tin>H, 
LL.D.    Demy  Svo,  la.  not. 


b,Goo(^lc 


Qeneral  Literatare. 


INNES.   A.   TAVLOR,  LL-D.-omul. 
THl    lAW    OF    CREEDS    IN    BCOT- 

LAND.    «.  TnaUu  00  Cba  RelUIoas  of 

Omreliu  In  Scotlind.  EatebUibtd  u>d 

not    BaUUiahed,    to    the   CiTll   Uw. 

Q«Hiy  tvo,  lew.  neC- 
INTBLLIOBNCB  OPPICBR. 
OH  TBK   HEELS  OF  DE    WET.     Bt 

Thi    Intelliomboi    OwiciE.      Si»th 

Imprcnlon.    Cnwn  8to,  Si. 
THE  TELLOV  WAR.    Crown  8VD,  «h 
A  SUBALTERN  OF  HORSE.     S«ond 

ImpnufoD.    Orown  SrOi  0*. 
JAMB5.   ANDREW. 
NINETT-BiaHT  AND  SIXTY  TEARS 

APTBR.    BjF  Amncw  Juat.    Crown 

JAMBS,   LIONBL. 


JAMBS,   LIBUT.-COL.   WALTER  M. 

MODERN  STRATBQT,     Bt  Llant-CoL 

WunK  H.  JUM,  P.S.C.,  Uts  R.X. 

With  S  UkpB.      Thlnl   BdltJoo,   tlior- 


oogbly 

Royal  Sw,  iDD.  iHh 

THB  CAM  PA  ION  OF 
IN     FLANDBRB.      >iiu    lupt    una 
Flui.     D«my  Svo,  lei,  net 

THE  PR00RE88  OF  TACTIOe  FROM 
1T«  TO  THB  FBB8BNT  DAT. 
D«DJ'  Bra  II*  lA*  pna. 

JOHNSTON. 

ELEMBNTB  OF  AOBIOULTDRAI, 
CHEUIBTRT.  An  (nUralT  Naw  Edi- 
tion tnm  tbe  Edition  by  Sir  OBAnun 
A.   CimioH,    H.D.      Revised  ud  in 

M.A.,l).8t,  F.R.S.B..>,T.C.,  Profci"»or 
of  CbmifBtij,  OlMgow  Veterlniry  Col- 
l«e.  Stat  KdittoD.  Crows  Sro,  ta.  M. 
CATBCHT9M  OF  AGRICULTURAL 
OHBinSTRT.    Ad  entire])-  New  Kdi- 


id  iRnnght  up  to 

I,  CHIBFLT 


C.  U.  I 


■    Mth  Tbon- 


JOHNSTON,  CHRISTOPHER  N., 
K.C.  LLD. 
AORIOtlLTURAL  HOLDINGS  (SCOT- 
LAND) ACTS,  IMS  to  1»00;  and  the 
GROUND  OAHE  ACT  ISSO.  With 
Notee,  »id  Siuunurr  of  PTOcedare,  Ac 
By  CaRiSTorntH  N.  Johmstoh,  tc, 
LUD.    Sixth  BdltloD.    Damy  Sro,  Be. 


MAJOR     OWEN, 


JORDAN.   HUHPRBY. 
MT  LADT  OF  INTBIGUB.     fly  Hdm- 

nucT  JoBDAB.    CrownBTo,«a. 
THE    JOYOUS    WATFARER.     Cnwn 

KENDIM,  BBN. 
BASTERN   aONOS.    By  Biir  Knicnt. 

With  Frontlnpleee  In  Ooloun  by  Lady 
Ailhh  WiLLBLaT.     Crown  Svo,  9l. 


.._ -S,  LIEUT. -COLON  EL  R.  L. 

8P0RT  AND  LIFH  IN  THB  FURTHER 
RIMALATA.  By  I.iEtiT.  -  CoioHiL 
R.  L,  SiHMios.  With  UIuatntlDna. 
Demy  Bvo.  Ita.  M,  not. 

BY  MOUNTAIN,  LASB,  AND  PLAIN. 
Beine  Ski^hw  of  Sport  in  Eaaten 
Panili.  With  Colourad  Frontlapiaoa 
and  ^i  lUnetratlona  from  PhoUgnptaa^ 
by  the  Adtxob.    Demy  Svo,  10a.  td. 

KER.   PROFESSOR  W.  P. 

THB  DARK  AQSa.  "  Peiioda  at  Ems- 
Kan  IJtaratnre."    By  FrotMaor  W.  P. 

KERR,  JOHN,   LL.D. 
HEUORIBaiDiuvBiimaaT.    ByJoEH 
EiRB,  LL.D.     With  Portnit  anS  otI"r 
ramtraHnna.      Chcapei     


OTHBB   UBHORIBS: 
KINO  LAKE,   * 


j,sr«d. » 


— —  Abridged  Edition  for  MUltJUT 
Btadenu.  Revised  by  Lient..Co].  Sir 
Geohob  Stdxvhih  Oulua,  O.C.M.O., 
G.C.I. E,     Demy  Sto.  Ifta.  net. 

Atlai  to  aocompany  above.    FoUo, 

KOTHBN.    Cheap  Bdltion.      With  Por- 
trait and  Blographlal  Sketch    of  Uia 
Aatlior.    Crown  Sto.  ia.  td.  not 
KINOSBUROH,    THE    RIOHT    HON. 
LORDjK.C.B. 

FIFTY   TEARS  OF   IT:  Th£  Birau- 


servatjon  of  Haalth.  By  Sibuiian 
Khiiet.  With  Illiutratlaiia.  Author- 
iaed  Bngllah  Tnnalatlan  tiom  the 
Thlrtlslh  German  Edition,  by  A.  de  F. 
With  an  Appendix.  eooUlDlng  the 
Latest  Developmenti  ot  narrer 
I   PnfUa   by 


I.  Guard.    Orowi 


TO,  ta.  (< 


b,Goo(^lc 


WUllam  Blackwood  ft  Sons'  Ust. 


I  LBWI3,  ARTHUR. 


Bngllata  RHdan.)  BrProfuaorKHioi 

kvnnIrslbv,  e.  n.  sneyd. 

TOM,    VKO.N.     By  K.  M.  Sneid  K> 

LANO.  ANDREW. 
A    HISTORY    OF    SOOriulBD    FROM 
THB     BOMAK    OCCUPATION.      By 
Ahdbew  Imko,    Complsls  is  Four  Vol 

Vol.  1.  WlthmWotognvTiroPronclB 


VoLIII.  wfthlPholognvoreFrontti 

piece.    U>.  ml. 
Vol.  IV.  WlttaiPbotognvnnPnnitla- 

TBNNT80N.  'fllSd'era  BngUsii  W 

SMond  Edition.    CrDvn  Svo,  la.  «d. 
A  SHORT  HiaTORT  OF  SCOTLAND. 

LAPWORTH'  PROPeSSOR. 

IHTBBHBDIATB     TBXT-BOOR     OP 
GBOLOar.    Bt  Obahlb  LipmiKTi!, 
LL.D..  Pmhuar  of  Owlc^j,  UaiTei 
■ItT,  BirmlngbUD.    it, 
LAW30N,   W.   It. 

BRII18H     KCONOMlCe.      Bt    W.    R. 


Br  w. 

1.    Crowna 


AMERICAN    FINANCE.     Bscond    Bdi- 

JOHN    BULL    AKD    BIS    BCHOOLa. 
OroWD    Sva,   in.    ant.      Nsw   B' 

CANADA  AND  TEB  BMPIBS. 


SPORT    irf    FiVs'  CONTINKNTS.      By 

LEHffUNN,'''R."c'.' 
CRUUSa  dp  PITT,  UD  OTHHi  Vebib 

Author  of  ^Annl  Fugues,'  Ac    Drown 

LIGHT     AND     BBADB:     hhd     dthiii 
PoEMi.    Cmwn  8vo,  5>.  DM. 
LEIOHTON.  OBRALD  R.,   M.D, 

THB  LIPB-HiaTOHT  OF  BRITISH 
SBRPBNT8,  AND  THB1R  LOCAL 
D18TRIBDT10N  IN  THE  BRITISH 
ISLKS.  By  Gexald  R.  LEiOBmM, 
M.D.     With  M  lUuitrmtiou.     OTOirn 

^1 

THB      WBKTMIN 


TUB    tlLORIH.    'bj  Amnm   Icwn. 


LIND5AV,    REV.  JAMBS,   I 


IlHIB  LiniUT,  M.A.,  I 
F,R.S.B.,  F.G.S.     Demy  Syi 


BODBEtN    CHRISTIAN    THODOHT. 
ESSAYS,  LITERARY  AND  FHILO30- 


TB8TAMBNT   FOB  HODEBN  THB- 
OLOGY.    Crnwn  Bvn,  la.  net. 
TBB  TBACBING  FUNCTION  OP  THB 
MODERN    PaLPlT.     Cnwn  Std,  ■(. 

OTDDIBS  IN  BUKOPBAN  PHILOS- 
OPHY.    Demy  Bra,  »«.  M.  net. 

THB  FOKDAMENTAL  FROBLBHB  OP 
NBTAPHTSICa.    Cnnni  Sto,  41.  net. 

THB  PSYCaOLOOY  OP  BELIEF. 
Croini  Sto,  li.  Od.  net 

NBW  E88AT8  —  LITBRARY  AKn 
PBILOaOFHICAL.  Grown  Sva,e*.  net. 

LITBRARY  B38AYS.    Crown   Bra,  9l 

CBRIMTIANITT  AND  MODERK  CUL- 

TURB.    Orown  Bra,  «d. 
■LINESMAN." 


LITUROIBS  AND  ORDERS  OF 
DIVINE  SERVICE  (CHURCH 
3BRVICB  SOCIETV). 
TUB  SBCOND  FRATKR  BOOK  OP 
RING  EDWARD  THB  SIXTH  (IMIX 
Wltb  Hiitorickl  iDtrodnctdoa  EDd  Note* 
by  the  Re>.  H,  J.  WoTBaurnoH,  N.A.. 
or  St  OawiUd'i,  Edinburgh :  ud  Tbe 


siigUili    OotwregitlaD    M    I 
From  ui  UnpuMl^led  MS.    1 
th«  ReT.  O.  W.  Bphoit,  D.D.    h.  net 
BOOE  OF  COHHON   ORDBB.     Coin- 
manly  cEUed  Exoi'E  LirmuT.    Edited 


OF  leiT.     CommoDiT  ailed 

.ITIBOT.     Editad  by  the  Ber. 

Proleisor  Coopeb,  D.D.    Til  ta.  net. 
THB     WKSTMIKSTHR     DIRBCTORY. 
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Qenend   Literature. 


LOBBAN,  J.   n.,  M.A. 
AM      ANTHOLOOr      OF      KMOIiISH 
VSRSB  PROM  CHADGBR  TO  TBI 
FBBBBNT  DAT.     Br  J.  H.  LosBUi. 

...      "-        -   ,,  gilt  top,  ■- 


LI8H  VBECBB.    Put     ., 

Bona,  clotb,  li.  sat.    Put  II..  Wordi- 

On*  Tolnme  cmnpItU,  cloth.  t>.  oat. 

LOCKHART,   J.   a. 

HBOIHALD     DALTQN.       Br    J-     O. 

I.OCUUBT.      lUiutntad    bauds,    S>. ; 

okiUi,  a.  «d. 

ADAM  BLAia.    IlliutnMd  boud^  li. ; 


LOCKHART,   LAURENCE   W.   M. 

DOUBLItS  Atn>  QDITS.    fir  LiDURCi 

«.  H.  LocEHAKT.    Crown  S*o,  Sa.  U. 
?AIR  TO  BBB.    Crown  Sto,  la.  Od. 
MINE  IS  TBINB.    N«w  Bdltlon.   Ctows 

Svo,Si.M. 
LUCA4,  ST  JOHN. 
BAIim,  8INNBBS.  AND  THB  HSVAL 

FBOPLB.    Bj  St  Jomr  Lncu.   Sanond 

lirpraialoB.    Oroim  Bto.  Oa. 
THB     LaDT    op    THK    CANARIES. 

aecODd  Impreaalon.    Crown  Bvo,  (h. 


With  Dtagnmi.  Ctowo 
ilB,   HAMILTON  WRtOHT. 

ureoN  NATnRB  and  oultitre. 


BOOKS  AND  CUI/rUBB. 


M'CONACHIB,  WILLIAM,  B.O. 

IN    THB    LAP    OP    THE    LAMM) 

HOOR9.       Bv    WiLLTlH     M-OOHACI 

ao.    With  hmtispiiwe.    Crown  t 


MACDONALD,   NORMAN  DO  RAN. 
A  HAKIIAL  OP  THB  CRIMINAL  LAW 
(BOOTLAND)      PRDCBDURE     ACT, 
IBST.    ByHauuHDoiui  MiCDONUJ). 


EN,   C.B., 


HACDOUOALL,    J.    I 

and  J.  M.  DODO,  CB. 

A  HaNUAL  op  the  LOCAL  OOV- 
BRNHBNT  (SCOTLAND)  ACT,  ISM. 
Thi  Puish  Codhcil  Odidi  ran  SooT- 
LutD.  B<r  J.  PArra  HAoDoDaiLt, 
C.a,  uid  3.  M.  DoDD,  C.B.  New  uid 
RaTlaed  Bdltlu 


ffitli     llliiatntjoni 
CniWD  B*o,  M. 

CADQHT  ON  THB  WtNO.    Ciowc  Wo, 
t«.ad.IK>t. 
MACKAV,   LYDIA  MILLER. 

THB  BErilBH  OP  THB  BmOBANT. 
Bj  Ltdu  Hillkh  M>ckat.    Thin]  Im- 
pcaaalon.    Crown  8io,  M. 
MACKENZIE,   LORD. 

STUDIES  IN  ROHAN  LAV.  With 
Comparatln  Views  of  tha  Lawa  of 
PniDce,  EngUod,  and  Bantlud.  Bj 
Loan  H.cKiHKa,  one  of  the  laiga 
of  the  Court  of  8«aloD  In  BcotUnd. 
Bdlled  bj  Jobs  KiaaTiTBiM,  M.A., 
LL.D.,  Adiocaia,  Pnjfwaor  of  History 
In  the  Unlvaniti  of  BdlDborgh.     Buo, 


MACKINLAY.  J.  M. 
INPLUENCB   OP   THB    PRB-RBFOR. 
NATION   CHCRCH   ON   SCOITIBB 
FLAOB-NAUB&      "     


IAUB&      Br  J.  M.  Macuh. 
i-  (Scot)     btmj  Sto,  lb.  6d. 


MACLEOD^   OLIVE. 

CMIBPS  AND  CITIES  OP  CENTRAL 
AFRICA.  Acrsaa  Laka  Chad  by  way 
ofBritlflh,  French,  and  German  Tarri- 


MACMUNN.    MAJOR   O.    P.   D.S.O., 

PIK'b'aND  CABBONADE.     By  M^r 


THE  SIBYL  OP  TBNICB.    Onwa  Sn, 
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William    Blackwood  ft  Sons*  List 


MACPHBRSON,   KBCTOR. 


OF  POLITICAL  DSVBL- 


leH,     WItb  Purl 


MACPHBRSON,   HBCTOR.   Jon. 

A    CENTURY'S    PROORBSa    IN    Afl- 
TRONOHT.     B^    Unrron    Haophek- 

THROIJaH  THE  DBPtHS  OF  SPACE: 


MAHAFPY.   PROFESSOR. 


MAIR,   REV.   WILLIAM,   D.D. 

A  DtOBST  O?  LAWS  AND  DECI- 
SIONS. BcclealutlciUnd  aril,  nUitIng 
UtbgCnDstitutlon,  PtvUiu,  ind  ADkln 

ud  Fomn  of  Progsdu™.    By  th»  R*v. 


WILIH 


Fodh 


I  Edit' 01 


BPKAKINO:  OB,  Fkou  Toioi  Pmomc 

FDurth  Bdltlon,  RerlMd.    Oravn  Bvo 
IL  M.  n«C. 

MALLOCK,   W.   H. 

LUCHBTIUB.  (AnelODt  CUuIci  for  Bog 
llah  Rouien.)     Bf  W.    H.  JUllock. 

MARSHMAN,  JOHN   CLARK,   C.5.L 


FOCUS  OF  QIACOMO  LSOPARDL 
Tnnaliled     Crown  avo,  m.  not. 

THE  iBNBlD  OF  VIRGIL.  Books  l.-VI. 
TriiKiilstsd.     Pout  8vo,  Ta.  «d. 

aOBTHB'S  PAU3T.    PirtL    TrmiuUled 


OOETHES  FADBT.  P»rt  II.  Tnma. 
IiMd  into  BDEll>h  TsnB.  BKond  Bdl 
tJon,  R«vlHiL    Feap.  Ivo,  M. 


MARTIN,  SIR  THBOOORB-eaiKd. 


Vsna.     ThInI  EdlttOD. 

THE  'bona  of  the  BELL,  im  on 
TKunLtnoHB  noH  SuHtu-m,  Qown 
UBLum,    uiD   OTBESS.      Ciinni   S 


UADONHA     PLA: 


Tniulilad  with  u   iDtrodDcUoD  uid 
Notw.     PDortb  Edition.     bniU  cnm 


ASAII    OtRUnCBLllOEB 


mud  PioIsHCT 
ArmDN.  Tblrd  Bditlon.  With  InOD- 
dnctlnn    bT    BIr   TnuDORa    lUcmi. 

qCEEN  VltTOBlA  AB  I  KNBW  HKB. 


MARTIN,  HE  LBN  A  PAUCIT.  LADY. 


rrs^' 


ft  PnOwe.    Drair  >to.  It.  «i 


dUihor.   Cron 


MATHB50N,   REV.   OEORQE,   D^D. 

CAN  THE  OLD   FAITH  LIVE  WITH 
THE    NBW1    OR,    Tm    Pboblmh   c 


ton,  D.D,     hilrf 


Bdlllon.     Crown  3to.  7i 


spibitdal  development  of  bt 

PAUL.     Fotuth  BdlUoD.     Crown  Bro, 

THE    D18TINCT1VB     HBSSAOES    OP 
THE     OLD     RELIGIONS.       Second 

Rdltlan.    Crown  Sro,  &>. 
BACRBD  BOKOa  Third  Bdltloo.   Crown 
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Qeneral   Literature. 


.L,  ai 

.IV  1 . . 

Haiwtu.     Bccond   Bdltlon. 


IH    UALIV    FORBBTS.      Br    Onnoi 


'•SL ..? 


B.  MuKiH.    Demj  Svo,  IC*.  «d.  net. 
MELDRUM,    DAVID  S. 
THE    COKOUEfiT    OF    CHARLOTTK. 

B^DividS.  UiLSRDH.    TfalM  Impna- 

TUB  aTORT  OF  MARGKADEL:   Bfr 

log  ■  PlTMlda  Hillary  or  ■  FlfMbln 
FuDlly.     Cbwp  Bdltlln.     Grown  Std, 


MBLLONB,  5VDNSV  HBRBeRT, 
M.A.,  D.Sc. 
STUDIES  IK  FHILOeOPHIOAL  ORITI- 
0I8M  AND  CONSTRUOTION.  By 
St  DUCT  HUBIHT  Uelldhi,  ILA. 
Lond.,  D.Sc  Bdln.    P«t  Sto,  Ida.  M. 


BLBMBNTB         OF        PSTCHOLOOT. 
BHDod  Bdltlon,  B«TlMd.    Cnm  Svo, 

THE  imORTAL  HOPE.     Cnwo  Bto. 

PRBDERIOB    NIVTESCHB   AITD  HIS 
ATTACK  ON  CHRIBTIANITir.   Dmj 

Svo,  p«pflr  covoT,  3d. 

MERZ,  JOHN  THBOOORB. 

A  HIBTORY  OF  RTTROPKiU 

THOUGHT  IN  THB 
CBNTURT.       By     Joi.. 
D.C.L.,  LL. 


VoL  1. 


ThlTd   Iml  .    _,    ._. 

net.    Voi  HI.    1S«.  art.    Vol.  IV.    Uh. 

LBIBNIB.      (PfallDKphlul   Ulntlca   for 
Bngllsh  Reader*.)    Fup.  Svo,  iL  Bet. 

IBEYNBLL,   MM, 
JOHN     RDBKIN.       "Xodsm    Krulfsh 
Wrtt«n."     By  Mn  MirHEii.      ThLrd 
ImprouloD.    Ciown  Svo,  )l  Od. 


THB    MID-BIOHTEBNTH   CBNTURT. 


MITCHELL,  ALEXANDER  P.,  D.D., 
LL.D. 
THB  BOOTTISH  RErORHATION.  Be. 
log  Uie  B«iid  Lecture  for  ises.  Bv  tha 
lite  AixiimxR  F.  Hircaau,  D.D., 
LL.D.  Edited  by  D.  Bit  Fldhho, 
LL.D.  With  ■  Bl«cnphie>l  Sketch  of 
tbe  ADthor,  by  Jutn  CBBinn,  O.D. 

MODERN  ENOLIAH  WRITERA.     In 

huidy  crowD  Svo  volumej,  teitelulLy 

bound,  price  is.  td.  c«h. 
HATIHEW     ARNOLD.      By  Prorenor 

Saintbbcbt.     SecoDd  Imjireuloii. 
JOHN     BUSKIN.      By  Mn  Htmiu. 

Third  ImpnflHtoD, 
TENNTBON.        By      Ahdriw      hum. 

Second  ImpreBilon. 
HUXLEY.    By  Zdwikd  Clodd. 
THAOKERAT.    By  CH*Ki.n  Wbi*ut. 
BROWNING.       By    Ptofewor     C    B. 


MOIR,   D.  M. 
LIFB  OF  HANSIB  WAUCH,  TAILOR 


.    Illtutnted  ooTer, 


THE  origin"  6k   evil': 


PBBSONALITT.  1 
End  of  Metaphyilc 
Auumptlon  In  lU  1 
Fifth  BditJan,  R«tIj 


I   Beginning   mnd 
lillvo  Plillowpliy. 
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WlUlam    Blackwood  A   Sons*  List. 


MOMERIK,    ItBV.   A.  W.-wntd. 
PRBACHtNQ    AND    HBARlNO;    iBD 
OTHIH  SEnKONS.     Foitrth  BdiUon,  Bn- 

BEUBF     IN    aOD.      Fourth  Bdltlan. 

TBE  FDTURB  OF  REUOION.    Second 


FAITH.    CroHD 

MOMBRie,  MRS. 
DB  ALFRSD  HOMBRtB. 
Work.    B;  Mn  Moheiib. 


MUNRO,      ROBERT,      M.A.,      M.D.. 
LUD.,     F.R.S.E. 

BAMBLBa  AND  STUDIES  IN  BOSNIA- 
HERZBGOTTKA  AND  DALKATIA. 
By  BoHisT  MuiiKO.  M.A.,  U.D.,  LI,D., 
F.B.&B.  SMoBd  Billtlou.  Reviiad  mid 
Bnliried.      With    nnmHous    tUiutn- 

PBBHISTOBIC      PBOBLKHS.       With 


ROHIBH   SGHI8U.     Sscoad  BdltiOD. 
B3SATS    OS    TBM     BtBI.E.      Orowi 


MUNRO.   WILLIAM,  M.A 

""     VALUATION     or     1 

UmiBo,     M.A.,    net 
, enoT  of   Ratlnn  ud 

CubIi  for  Scotlud.     Second  Edition, 
Bedsed  ind  bUuged.    Svo,  U.  M. 

MYRBS,   PROFESSOR  JOHN  L. 
A    MANDAL    or    CLASSICAL    OBO- 


IhjHty'a    Am 


B7   Ret.    F. 


MORISON,  SIR  THEODORE.  K.C.I. e., 
and  HUTCHINSON,  OBOROE  P. 
LIFE  OP  SIR  BDWARD  FITZQBRALD 
LAW,  K.O.B.I.,  K.C.M.Q.  Bj  Sir 
TuoDOBi  HOBisoN,  K.C.I.B.,  ud 
OconoE  P.  HnroHiKaos.  With  por- 
tnlti.     Dem;  Btd,  Ita.  net. 

MUNRO,   NBIL. 
TBB   DAFT  DATS.    ^  Niil  Kdbrd. 
Third    Impnealon.      Cnin    Sro,    <s. 
nnlforniBaiUon,te.«<l.   Cheap BdltloD, 

FANCY  FARK.    Onim  Bra,  Bl    Cheap 
Edition,  Is,  net 

UnVbrm  SdUim  Nmtlt. 

JOHN  SPLENDID,    The  TVla  of  a  Poor 

Gentlflimn  and  tho  LUtlo  Vm  of  Lorn. 

OHILBREN  OP  TBHPBdT:  A  T*li 

THE  OUTM  IBLIS.      Onlwn  Sto,  &■. 

SHOES    OF    FORTUNE,      Crown 


NBAVB5.  LORD. 
QBBBK  ANTHOLOOT.    (Ancient  Clai- 
dca  foi   BngU>h  Beadera.)     B>  Lord 

HaiTBa.    reap.  Sto,  la.  net. 

NEWBOLT,   HENRY. 
THE  NEW  JUNE.  BTHtHRTNawBoi-T. 

Third  ImpraaaloB.    Croon  Sto,  da. 
THE   TWTHANS.     Betond  bopraarioo. 


DOOM  DASTLBl  a  Rokahce.     Second 

OIL!  AN     THE     DREAUBB.       Crows 

THB  DAFT   DAYS.    Third  Impreaalon. 

Crown  Bto,  >n  M. 
FANCY  FARM,    Crown  810,  3s.  «d. 


Grown  Sto,  (b. 

NICHOL,   PROFBASOR. 

BAOON.  (PhUoaopblcal  CUeela  (or 
BngUah  Rcwitra.)  Br  Profeaaor 
HloBOL.  Fcap.BTO,  Part  I.,  la.  net; 
Part  II..  li.  net. 


onloloaj.     By  Profeeeoi  B.   Ai.i.ETHa 
NlCBoisoN  uid    RiCBiRD  Lttiekkeb, 
B.A.    Third  EdLUon,cnM«lyR8writl™   " 
and   ereatly   Enlanipd.      S   Tola.  Svo, 
£S.  9s. 

NICOL,   REV.  THOMA3,  D.D. 
RECENT    ARCOfiOLOQY   AND   THB 

BIBLE.     Being  the  CiHll  Lecture  fbr 
IBM.      By   the  Ret.    THOHts    Nicoi. 

D.D.,  Proteasor  of  Diylnltj  u  ■ 

Crltlcum  in  tlie  UnlTenlty  of  ami 
I '  Recent  Eiplontlona  In 


ilbllol 


b,Goo(^lc 


QeiiM-al   Literature. 


NUBBT,  JOHN     D.tBc 

IHB  rORBSTEtt:  A.  PucriuL 

TBE  OH  BHITISB  FoHEKTItV  IKD  . 
CULTUBB,       FOB       LlKDOWmBS, 


Bto,  Kilh  igs  mnslralJoiiB,  t!i.  not 

THE  BLBUEHTS  0¥  BRITISH  roR- 

BSTHY.     A  Hindtwok  for  Foitat  Ap- 

NOBLE,   EDWARD. 
WAVaaOFPATB.    ByBDVUDNoBU. 

Ctowd  arc.  As. 
FISHERHAN-S  GAT:  A  Siobt  or  thi 
Thimb  Estdabi.    Ctown  Svo.  «■. 
NOVes.  ALFRED. 
DRAKE:  Ah  BHauiBH  Bpic.    ByALrRm 
Nans.    Boob  l.-lll.    Cnm  Svo,  6«. 
net     Booka  IV.-ZII.     down  Bra,  Hi. 

ThaComplsCe  Workin  1  ToL    Crown 

FORTT   SlNOINa   3BAIIBK.      Swvnd 

Imprentoa.    Crown  Aro,  Afl.  not 
ISLAND,     iHB 


>  THTHB. 
SlieppatBOu- 
^■ir  ftdltion, 


O'BttlBN,  AUBRBY.  mud  BOL5TER, 


v'ssrS' 


llloaCnUoiu.  Demi  Sm,  Ida.  n«t 
Bdithm  for  IndU  siul  Ui«  Colonlea,  H. 

"OLE  LUK-Oie." 
THB  OREBN  OtJRVB.     Bj  ••  Oim  hOK- 
OiK"      Thtrd     Impnuion.      down 
«vo,  «•.    Cluap  BdidoD,  1)  DM. 
OLIPHANT,  < 

I    (br    Kngllih    BudBri 
u.  c.  •Jurmurt.    Poup,  Bra,  la.  usi. 

OLIPHANT.   LAURENCE. 

PICCADILLY.   B;  LAiTBUin  Oliphut. 

With  IllDitntiona  by  RichsTd  DoyJs, 
4s.  td.  Nbw  BdltlOD,  sa.  U.  Olietp 
BdJtion,  boudi,  tt.  M. 


OLIPHANT,  Mtt». 
ANKAI^  or  A  PDBLISHINQ  HOD3B. 
Wllllim  Blukwood  (ltd  hli  Sou  i  Tbclt 
Hftgadna  and  Friends,     By  Una  G 


A  WIDOW'S  TALE,  hhd  otbir  Sronil 

Sarnnd  Bdition.    CnwD  Sto,  Cg. 
EATIU  STEWART,  uiD  othib  »roBii 


VALHNTiNB    AND     . 


DAHTB.  (Fonign  C;au<c>  for  Eii«li 
RamdBT*.)    Fema.  Bra,  la.  nat 

CBRTANTBH.  (Fonign  Cluaica  Ua  b 
"-■i  Readsrv)    Fesp.  B»o,  la  --•■ 


OLIPHANT,  MRS.   ud  TARVER,  P. 

UOIilBRE.    (Foial^qualaroiEnRlisb 


©"JS^ 


THB  OLENS  or  ANTRIU. 

By  UoiKi   CNiiLi.     rourteantti  Im' 
prmion.    Crown  Bio,  ta.  M. 
PAOB,  ARTHUR. 
IMPERIALISM     AND     DEMOCRACY 
Unionlat  Frill Piples  aj.plied  to  Uodern 

PAQBAND  LAPWOKTH. 

INTBRHEDIATB     TBZT  ■  BOOK     OF 

OEOLOOY.-  By  Proftaaor  LirwoATB. 

Founded  on  Dr  Pige'i  ■Introductory 

Teit-Book  of  Oolofiy.'    " '- 


.■fior-K 

p 

.ft™™- 

i'-^'^^ 

„  OBOGRAPHT  BXAMINA- 

TOR.    Crown  Sro,  lewed.  Bd, 
PARRY,  MARK  OAMBIBR. 

HADAUR  NBOKBR.     Her  Funilly  and 


b,Goo(^lc 


WllUam   Blackwood  &.  Sons'  List. 


IcblCBAr.  BOT- 

ProiB  OiB  Genmn  of  Dr  A.  B. 

Fnnk.  fmtaaot  in  th«  Roril  Asrlcul- 
tanl  OoUege,  Berlin.  WICli  orv  1<I0 
lUiutntioDt.  Craws  Sto.  >■.  M. 
PATTI50N,  R.  P.  DUNN. 
HOTORT  OF  THB  BIbt  AROVLL- 
BQ[IIE  HlOHLANDBita.  Bj  R.  F. 
DoTiM  PArruoN.    Wtth  Mapaiod  lUus- 


PBARse.  COLONEL- 
MEMOIR  OP  TUB  LIPB  AMD  MILI- 
TARY SERVICES  OF  VIBCOUNT 
LAKE,  Buun  Like  or  DiLBi  ihd 
L«ir*BM,  1744-1808.  BrColoOBlHOOB 
Feusc.      With  FortrmlU,  kc     Oemr 


:iir  ^olK,«p.  91. 


PH I  L050Pn  ICAL  CLASSICS  FOR 
eNQLlSH  RBADBRS.  BdJIed  bf 
WiLLi.u  KsionT,  LL.D.,  Profosgor  of 
Moral  PhlloMphy,  UnlveniltT  of  BI 
AndnWB.  Cta«p  Re-iuue  In  Shilling 
VolumsBnet.    For  Llitqf  Fait., m p.  St. 

PIBLB,   LISUT.-COLONBL  S.  C.  P. 
LAWN    TBNNia     A3     A     GAME     OF 
SKILL.     By  Ueat.-Co].  3.  C.  F.  FtlLE. 
S«i«ntli  BdilioD.     ITaip.  Srs,  !■. 
POLLOK.    ROBERT.  A.M. 
THB  COUIUB  OF  TIHB:  i  Four.   Br 

" T    FOLLOK,    A.M.       M«W    BdlliOB. 

"-— '      " —    '  --,  gilt  top, 


with   PoitiUt 


PORTER.    MARY   BLACKWOOD. 

JOHN  BLACKWOOD,  EDITOR  AND 
PUBLISHBR.  By  Mur  Buoiwood 
FoBTXK.  With  Tiro  FortnlU  ud  Tisw 
ofatnUitTruni.  D«mr  tio,  lla. 
POTTS,  A.  W.,  M.A.,  LL.D.,  and 
DARNELL,  _ltBy.  C.   M.A. 


B-linburgh,  .nd  ■oraetlme  Fellow  of  S 
Johu't  CollsRe,  Cimbrldc«;  ud  ih 
Rer.  C.  DtsNELL.  M.A.,  UtU  Haul 
inuterorCiirgllBeklPreiiuitDrTSchoa: 


POTT5  and  DARNGLU-wsld. 
ADITlIa     FACILIOBE3    GR.BG1.      An 
ttaj    gnde   conitnlng    book.      With 
oompltu  ToabuUiy.    Fcap  gio.  Si. 

POTT5.  A.  W.,  M.A.,  LL.O..  and 
HBAR^  W.  A.,  M.A.,  LL.D. 
CAMBXARUU  FLdsCULOS  la  Umm 
FetWiiiinormn  diMHirptoa  notla  qnibiu- 
dam  ll1UBtnr«runt  A.  Ooi..  Fottb. 
MA,  LL.D,:  QUL.  A.  Heard,  M-A., 
LL.D.  New  ImpnuioD.  Crown  Sto. 
St.  ed. 

PRINQLE .  PATTI50N,     A.     S8TH, 
LL.D.,    D.C.L. 
fltJOTTISH  PHILOSOFHr.    ACompatl- 

to  Home.  Bilfour  Fbilonphictl  Lec- 
turm.  ITnlTsrilty  of  Bdloburgh.  Bj- 
A.  BrtH  PBiBaL«-P«TTi»os.  LL.D.. 
D.C.L,  FoUdw  of  the  Brttlih  Audemi. 
ProfmoT  or  LoRle  ind  H«(aphT<lcii  in 
Edinburgh  nnlTeralty.    Foorli  Bdltion. 

HAN'8  place'  in  THB  COSMOS,  mo 
OTBIB  BaaiTt.  Becond  Edition,  En- 
lATgad.    F«t  «TD,  «■.  net. 

TWO    LECrUHBS   ON  THBI3H.      De- 

ceuUnniil    Celabnition    of    Princeton 

THB  PHILOSOPHICAL  RADICALS. 
ARD  DTHiR  Bmah,  Including  ChupMra 
ToprlntAil  on  tbe  Phllouphj  of  Reltgioa 
In  Eutuid  HegeL    OioimgTO,  «b.  oat. 

PUBLIC  GENERAL  .STATUTES 
APPECTINO  SCOTLAND  fron 
1707  to  1S47,  with  Chronolatlca] 
Table  and  Index.  3  vols.  Iirgrt  Svo. 
£3,  3b.  AIbo  PubllBhed  Annn&llT,  with 
Oenenl  Index. 

PURVIS.  5IR  ROBERT,  M.A..  LL.D. 
SIR    WILMAH    AltROL.      A    Mrnioir. 


■■Q"  (SIR  A,  T.  QUILLER-COUCH). 

(air    A.   T.   OoiLLiR-Con™).    'Second 
ImpreBsloD.    Crown  Svo,  U. 
RANJITSINHJI,    PRINCE. 


I.  tUith  Edition.  Luge 


REYNARD,  CAPTAIN  P. 

THB  BISTORT  OF  THE  NINTH 
LANCERS  FROM  IIU  la  IHl.  Br 
Capt.  F.  RitRARU.    Rd^  Sto,  41k  net. 
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Oenwal  Littntan. 


RUTLAND.   DUKE  C 


LUCRKZIA     BOROli'S    ONI     LOVB. 

BflCDud  ImproAtcm.    Crova  Bvo,  ^- 
GBNTENE.     Ciown  Bto,  tt. 

richardison,  major  b.  h. 
War,  policx,  and  vatch  dogs. 

By  H*Joi  K.  H.  Bioharmon.  WItb 
lUiutnliona.  Croim  Svo,  5*.  net 
RIVHTT'CARNAC,  J.  K..  C.I.B. 
MANY  UEXOKIEB  OP  LIFR  IN 
INDIA^  AT  HWBB.  AND  ABROAD, 
Bt  J-  B.  Rivnr-OuKAC,  C.l.S,  WiUi 
PoitnlU,     SeooDd  Impiailon.     DCD17 

ROBERTAON,  PR0PE530R  CROOM. 
H0BBB8.  (Phlln»phJUI  Clualca  for 
BugUib  B«id«n.)  Br  PtofHWr  Ciu»h 
RoiunoH.  Pnp.  Kto,  la.  nM. 
R0BeRT50N,  JAMES.  D.D. 
EARLY  RELlQlONaOPlSRAflL.  Maw 
IDd  Btviaed  EdiliDD.    Ctoitd  ive. 

[/oMiifreB. 

THE  FOETRT  AND  THE  RELIQIOH 

OF  THE   P8ALHS.     Tb«  Croall  L«. 


the  DDlnnltf  of  OlMgow.    Demr  Sto. 
R0BBRT50N,  JOHN  0.,  Ph.D. 

A  niBTOitr  OF  aERMAN  litera- 


OUTLINK8    OF    THE    HiaTORt    OP 
OBRUAN  LITBRATURB.  Crown  8vo, 

SCHILLER'   AFTER 


lIlastratloDi  a 
UNDBR    A 


a.  abort  demy  Sto, 

AN  BA8TBRN   MIBCBLLANY.     Demr 

■to,  10a.  td.  oeL 

RurneRPURD.  J.  ti. 

THE    HISTORY    OP   THE    LINLITH- 
OOW  AND  STIRLINQSHIRE  HUNT. 

RoTim'rDBD.  inth     IltnitntlDna! 


NOTES  Ot  AN  IRIHB  TOUR  IN  IMS. 
Br   the   Dnst    or    BtiuiD.    Q.CB. 

(Lou  JOHH  MU^NIBB).      N«r  KdJUOD. 


IMPRESSIONS    OP    BAD-BOUBURO. 


Oi'inpriiliig 


I   Short  i 


diofOui 


tlie  R«d  Cnxe.    Cidvd 

aOMB  FKRSOSAL  RECOLLKCTIOKS 
of  the  Lat£T  Tears  or  the  Barl  or  Beacotis- 
llBld,  K.Q.     Slitfa  EdlUon.    M. 

BOMB  OF  THE  ADVANTAGES  of 
Baally  AeueiaOilt  Budliu  and  Hoonw- 
tluD  Rooma  and  Free  Librarlu.  With 
Remarki  ns  SUrliog  and  Hainlainlng 

BNOOtlRAOINa  BXPERIBNCBS  or 
Readlni  and  Recrutlon  Roonii,  Atma 
ol  ODlTda,  Notlinghun  Snoiia  Guide. 
Bllnting  InetilulLona,  *c,,  lus.  Cltinn 
9»o,  la. 

ST  QUINTIN,  COLONEL  T,  A 
"UANCES  OF    a""*"™    ""    ' 
By  CoLooal  T.  A 
tnted.    Demy  K\ 

SAINTSBURY,   PROFB5SOR. 


y'  of 

LITBRAR 

B     IK 

EUROPE. 

From  ihe  BarilMt  TeiM  to 

Day.     By 

{OioD.x  i 

TRT,   M.A. 

00.  LL  1 

(A-^ 

),  ProfWaor 

BdJobQ 

UnUre  lo 

(th      In  S 

Yoli  demy 

1,  I.-C 

aulcal  and 

Hedlanl  Crltlelam 

-Fro«.lh 

RtnaJia 

ofBlghlM 

tbCsnli 

ry  Orthodnny.    sn*. 

THE   PLODRIBHINa   OF   ROHANCB 


THE        EARLIBB        RBKAIBSANCB. 


D  Xto.  9a.  net 
A   HISTORY   OP   EKQLISe   CRITIC- 
ISH.    Demy  Bio,  7a.  ed.  naC 


b,Goo(^lc 


William   Blackwood  &  Sons'  LUt. 


SALMON,   ARTHUR  L. 
SONOa  OF  A  HBART'H  SOBRBNDBR 

BTABTHDKL.StuiaM.    CmwnBiD,  «». 
LIEV    0¥    LIP^.    OD    man    Pouo. 

Cnxtn  »>D,  U.  <sd. 
LIRIi:!4    AND    VBRBES.     Cixin  iTo, 

U.  ad, 
A    BOOK    OP    VBB8BB.     Crown  *to, 

WBST    CODNTBY    VBBaEB.       Crown 

Bio.  B».  nai. 
A   LITTLE    BOOK  OP  aOHOS.    Fup. 

»V0.  f».M.  Btt. 

A  NSW  BOOK  OP  VBHSK.    Poip.  Svd, 
U.  M.  ut 

SCHOOL  CATHCtllSM. 


I»i 


I  by  > 


LiiiD.    Igmo,  id. 

SCOBie.   LIBUT.    I.   n.  MACKAY. 

AN     OLD      HIGHLAND     

COBPH.     The    HiitoiT   . 
Panclbl*  BL^blii      ~ 


Bj  LiauL  1 


I   HIghUirflsn 


itScou*.   Otowi 


8COTT,   51RJ.   aEOROB,   K.C.I.E. 


[ehluir 


•  Bdtlton 


»  Pa)l- 


THB  CRDISB  OF  THE  NIDQE. 
Illiubstod  bosnls,  II  ;  cloth,  Qi.  M. 

SCOTTISH  TEXT  SOCIETY  PUBLI- 
CATIONS.   Forl^iao/FoU.,,Hp.2». 

SCOTTISH    BANKERA    MAQAZINE. 

Id  ScoEUud.    QnuMrly,  li.  oet. 
SCUDAMORB,  CYRIL. 

BELOIUM     AND     THE     BELGIANS. 

By  Cybil  BcDDiMuBi.     Witb  llloitn- 
tiou.    Sqiure  crown  Sro,  t». 
CELLAR,   B.   M. 

RBOOLLBCTIONa  AND  IMPBES- 
810NB.  Bj  B.  M.  Btu-XK.  Wltti 
Klgbi  Portnlu.  Pourtli  Imprsuloii. 
Damj  8to,  Idl  «d.  act. 


Br  EDm'HD  Svu.Ait.  CrowT 
OLBNTYRB.  Crown  Btd,  <M. 
WHBRB  BYERV  FROSPBCT  FLBASBB. 


SETH,   PROFESSOR  JAMES, 

A  STDDY  OF  ETHICAL  PRINCIPLXB. 
Bt  Ju«  Sn-H,  H^A..  PiofcuOT  oT 
Vonl  PblLoKcbj  In  tbe  Unlynmttr  oT 
Bdlabotgh.     TsDtli  Edition,  RnlHd. 

SHARPLEY.   H. 

ABIaTOFBANBB-FAZ.     Bllltsd,  wlUi 

Introduction  ud  NotM.  b;  H.  Sukf- 
iMY.    Demr  Sto,  111.  U.  aa. 
SHAW,  WILLIAM. 
SBOtrRTTIBS      OVER      UOVSAaLBS. 
Pour  LsetntM  d*lt>Bt«d  tt  tb«  Raoiisit 
of  tha  SoelMr  of  Aonmnunt*  In  Bdln- 
borgb,  tbs  IniUtals  of  AccoODtuiU 
■nd   ADtnnrlBi   In   Olugov,   ud   tfaa 
Inatltdta  of  Bankan  In   Biotluid   la 
IWt-a.    Dtmj  tvo,  3a.  Cd.  nab 
5HEBPSHANK5,  RICHARD. 
HBCTOB  AND   ACHILLES:   A   T.Ll 

d    b»  J.  Pimn- 

Eogllah    -      ■■ 


SIMB,  JAMBS,  M. 


SCHILLER.     (Walgo  C 


SIMPSON.  PROPE&50R  J.  Y.,  D.SC 

SIDB.LldB'ra  ON  SIBBRIA.  Soma 
AccodDt  of  tht  Ortkt  SiherUn  Iroo 
Road :  Tba  Prlaou  and  Billa  Bntsm. 
Bj   Profeuo      -     -     - 


SINCLAIR,   EDITH. 

HIS  HONOim  AND  HIS  LOVS. 


ON.  SIR  JOHN,    K.C.B. 
H^ANDBOOE       OP       PUBLIC 


iHu  pATm  HAcDaDOjkLL,  CB,,  Ad. 
Kale,  S*or«t»i7  to  tha  Local  GoTem- 
leat  Board  for  Scotland,  Jolnt-Antkor 
r  'TbaParltfa  CoBBdl  ODMatOrSeot- 
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''^1:&R;..™ANCIS  CAREY.  _ 


^ISXIftt  PROFESSOR  O.  QtmaOKV. 

THB  TRANSITION  PBRiOD.  "Pwlod. 
of  Bnrapaa  Lltentun."  By  0 
QWWBF  auiTH,  H.A.  (Oion.),  Pro. 
fc«)r  of  Bnilbh  UteratnnL  Beltut 
Unlvsnlty.    Crown  Stq,  it.  net. 


SNELL,    P.  J. 
THB        PODRTBBNTa        CRNTORT. 
"PjrloiliofBorop»nLlt«r«turB.-    By 
F.  J.  Snu,    OrowD  8»o,  Sl  ast. 

"*?!«  OP  TtlH  MARSHES,  A." 
^JISS?    ""    ^^^^    OF    LONDON 
TOWN :  Ammo  Wiui  Biam  «d  tmi. 
Bivm.      Bditod    by    J.    A.    Owiii. 
ChMD  UnUOnn  BdltloD.     Crows  Sn>, 

WITH     THB    W00DLANDEB6     AND 

BY  THB  TIDB.    Ch«p  Dnitonn  Bdl- 

tum.    Omrn  Bto,  Si.  M. 
ON   BURRBT  HILLS.     Ohaip  ir«lfonn 

BdlUon.    Oroirn  Sro,  «>,  M. 
ANNALB  OF  A    FISHING  VILLAOB. 

Omd  Cnifonn  BdiMon.     Crown  Syo, 

aORLBY.   PROP.,   LIU.D..   LUD. 

TM  BTHIC8  OF  NATURALISM.    By 
W.  B.  SoBUT,  LitbD.,  LL.D.,  F^Uow 
"(   tb«    Britlib    ACKlmj,    FWlow 
rlDlW  Coll^je,  Cuobrti'       -    " 
of  Unni    FtaUo«iplir 


SPROTT.  QEOJUIB  W.,   D^D 
THE     ( 
ByOio. 
Sto,  te. 

THB  BOOK  OF  COHHOK  ORDBR 
OF  THB  OHURCH  OF  BOOTLAND. 
OomiBoDl]'  known  u  Joan  Kboi'b 
LiTDRor.  Wflh Hi»lorlc»llntiodiirtlon 
■nd  lUiulntln   Notw.     Clown   g>o, 

SCOTTIBH  LrrCRQIBS  OF  THB 
HBION  OF  JAMBa  VI.  Bdlt«d  with 
in    InlrodoeUon   ind   Sots*.      Grown 


Tor  the  Banfttnt  AadomlaoB. 


STBBVBNS,  O.  W. 
THINGS  sfeEN:  Imfuwohs  or  Uu, 
lu,  AND  Boon.     Bj  th<  ItU  O.  W. 
~      Kdtted  by  O.  B.  SinnT. 


FROM  CAPETOWN  TO  LADTBWTH, 
ind  BOIFT  IH  1B>8.  HgaoHml  Bdl- 
tiOD.    Cnwn  an,  Ss. 

IN  INDIA.  Wtth  1I«>.  Uemoiial  Edi- 
tion.   Crown  8»o,B«. 

THB  LAND  OF  THB  DOLLAR.  Ham. 
ortal  BdEtkHL    Crown  Svo,  «•. 

OLIHPSES  OF  THBBE  NATIONS. 
HuBorl*!  Edition.    Cnwn  Svo,  Si. 

MONOLOOUBS  OF  THB  DEAD  Mun- 
ortal  BdlOon.    Crown  8»o,  t«.  M. 


Agrica[tun.  Bdtt«d  bj  Jivn  I 
DOBALD,  P.R.S.E.,  SAenUry  of  us 
Elghlud  ind  Agricultoul  SDcisty  of 
ScotUnd.  With  onr  T«0  lUDBtnUons 
■nd  Anlmil  Portnlti.  In  Six  DlvMoul 
Volumn  St  IOl  M,  net  ucb ;  or  Tbres 
VolmdM  of  owr  bW  Hgea  uch,  pries 
aii.  netperTolnnis.    Biioh  Volume  Mid 


I  of  Finn 


■te^. 
LAND  AND  ITS  EQllIPHENT. 

Bulldlngi.     Royil 
FARM  OHOPS.    Wtth  Ui  lUnatnlions. 

FARM  LIVE  STOCK.    WlOi  1J  Rlnitm. 
tloni  ind  M  Aninul  ForUaitt.    Roy*! 


STrntnov.    Crown  Svo,  0s. 

STBWART,  CHARLES. 
HAUD    lUHBHDR.     RemiulBceneo  of 

LegHl    sod   SocUl   Life  In   Bdlnbur^ 
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William    Blackwood    &  Sons'  List. 


dd  CUFF. 

HORSING.       By     Isn 

Ifntron  of  8t  Bwtbolonmr'i 

London;   nd  Hishbt   E. 

I  ,  F.R.C.B.,  Hedloal  Offlwr 

uvu^,-l   Purpoits    to   tho   McUO- 

iUn  Asylumi"  Bnnnl,  London;  1»M 


Sledictl  Si 


t  MitiOD   of  Bt 


)   LETTBB3   OF   HANK  AH 


E.    PIPE.      By   / 


.;?MOU)G  CAL  and"  PR0«0UNC- 
INO  DECTIONART  OF  THE  ENG- 
LISH LiNQUAGB.     liiclBiingsTen' 


r"h"p™<^?M.I  CoUb.     A  Nei- 

Edition.     Biiltsd  try  Wii.lii.ii  Bivm 

hSdT  Sck^L  oiCTIONABY.  Pbo 

■JOUBOIHO    AND    Elp LASATOB T,       TbOr 

niBhly  IlB>'l»«l  »nd  Bnlitged  bj  Wil 


onghly  R 


SWAYNE,   a.   C. 

HBEODOTUS.      (A 
Br^lisb  Reiden.) 


SVLLABUS     OP      RELIQIOUS^ 

STRUCTI^- "    ""' 

SCHOOLS. 


FOR    PUBLIC 


SVNQE,    M.  B. 
THE   BTOBY   OP  THE   WORLD.     I 

M.  B.  Stboi.     WItlj  Coloured  Front! 

r«  and  puBieroufl  IlluBtimtion*  I 
U.   avHoi,  A.B.B.,  ind  Maps. 


TttACKERAV,  MISS.  .        _ 

MAUAUB  DE  SBViaN^  (Fonlgi 
ClEiwtMlOcBngliihRmdepi)  Bj  Mli 
TBAOtiKiT.     P™p.  Sto,  II  not 


THEOBALD,  FRED.  V.,  M.A. (Cantab.) 

A   TBIT-BOOK  OP  AOBICULTURAL 

ZOOLOGY,     Br  FB«r.  V.  TiiaoniLIi. 


rno 


.■iB«i    EdiUon.      Cromi    t 
LONSL       A 


STRUTHER.  

HISTORY     OF     THE     FIFE     LIOHT 

HORSB.      Bt     Colonel 

Tbohioh.      With  nametoi 

Snull  tto,  a  Is.  nab 

THOMSON,   DAVID.  _    

HANDY    BOOK    OP    THE     PLOWBB- 

QABDBN.        B;     Datid     Thorsos. 

THOMSON.  WILLIAM. 

A    PRACTICAL   TREATISE   OS  THE 

CULTIVATION     OP     THE     ORAPK 

VINE.      Bj  WILLIIH  TaoHBDH.  TwHd 

VineTwds.    Tenth  Bdltioa.    Bio,  bt. 

THOMSON.  LIEUT. -COLONEL  5.  J. 

—  E  Sn.B.ST  INDIA.    Being  T«|M  «nii 


■  FoitntU. 


SVcU 


J  the  M 
3.  J.  TuOH 


.,  I.U.S. 


THORBURN.   S 


THE  'PUNJAB  IN  PBACE  AND  WAR. 

Demy  8\'0.  11>.  M.  net 
INDIA'S  SAINT  AND  THE  VICBBOT. 

THURSTON.   KATHERINE  CECIL. 
THE    CIRCLE.      By  KATFiKian  Cecil 
Thdiktoh.    Ninth  Impnulon.    Oiowu 


THE  FLT  ON  THE  WHEEL.     CrowB 

TIELG,  PROFESSOR,  Ult.D..  4C 
BLEMENTB  OF  THE  BCIBNCB  OF 
RELIGION.  Pmit  I.  -  MorphologKaL 
Fart  IL -Ontologlail.  Betng  the  GIIRirt 
Lectures  deliTeiwi  before  iho  Dni»er. 
ejtr  or  Edlnbuish  In  ISRI-SS.  By  C. 
F.  Tiai*  Theol.D.,  Lltt-D.  IBonon.), 


TIME.   MARK. 

A    DERELICT    EMPIRE.      By    MjiBK 

Time.      Second    Inipreseion.      Crown 

TRANSACTIONS  OP  THE  MIOH- 
LAND  AND  AORICULTURAL 
SOCIETY  OP  SCOTLAND.  Pnl>- 
UahBd  Asnaally,  prtoa  M. 
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TRAVBRS,  QRAKAM  (Marfuct  Todd, 
M.O.) 
THB    WAT    OF    ESCAPE. 

K'  '    " 

WINDYHAUQH.  Fouith  Rdllioo.  Ctobo 
7BLLOW  TRATBLLBRS.    Fourth  Bdl- 

TROLLOPB,   ANTHONY. 

C£SAB.     (AwieDt  CUul 

RttitTW.)      B7    Ahthoi 

Fcmp,  8to,  1».  Mt. 
TROLLOPE.   HENRY  M. 
""""""■"    '"O  RACINE     (Forelm 


IB  (Uirgilnt  Todd, 


Engliah 


CORNBILLE 

ClHiln    for 

HiKBT  K.  Tkouapi. 


TULLOCH,    PRINCIPAL. 

PASCAI.      (Foreign  CluailCI  for  Bngllih 
Readen.)       By     Priociiml     TntLOCH. 

TURNER.      STANLEY     KORSFALU 


TouHK,  M.A.     (Sown  Sto. 


VAUQHAN,  PROFESSOR  C.  B. 


T  a  K.  T 


VBITCH.  PROFESSOR. 

Esgllali  Rudtn.)  BtFti 

VERN^DB,    R.  E. 
AN      laNORANT     IN     INDIA.        By 
R.  B.  Vmubjc    Crown  8n>,  is.  lot. 
VOYAaS  OF  THE  "ACOTIA,"  THE. 

B«iB«  the  Racord  of  e  Vojiie  of  Ki- 
ploimUon  IB  AsUntlc  Bau.    By  Tnun 

WADDELL,  REV.  P.  KATEUY,  U.D. 

BauTB     ON     PAITH,       By    R«t.    P. 

HjlKLr  VuiiHLL,  D.D.     CrowD  »yo, 

ti.  M. 

THODQHXa     ON    MODERN     UTBTI- 

CI8M.    Crown  in,  I*.  «d. 

WAKE,  LUCY. 

LADY      WAKl 

By  Loot  V»_-      _, 

IllDltnUoni.        Second      [mnnulon 
Damy  S>o.  12a.  M.  net. 
WALPORD,  B. 
JUVBKAU     (Anctant  CUulu  fot  Bng- 
lltbBs*dan.)    ByB.WALTO&D.     Fup. 


WALLACE,  PR0FES50R. 


WARREN,  SAMUEL. 
DIARY     OF     A     LATS    PHYSICIAN. 
By  Sahdkl  Wuun.     Cloth,  St.  M. ; 
boirds,  !e.  -,  fapur  co»$r,   1». 
HOW   AND    THKN.     The  Lily  and  tha 
Bee.     Int«llecCu>l  and  Uoral  Danlop- 
mant  ot  the  Pnaent  Aga.    M.  M. 
WATSON,  aiLBERT. 
TUB  SeiPPBB.     By  Qilbibt  W.itw>k. 

WATT,   MACLEAN. 
BI    ariLL    VATBR3,      By   Hadleas 

WBIQALL.  ARTHUR  E.   P. 


THB      TBBABUBY      OF      ANCIBNT 

EGYPT-    Oikpun  on  Ancient  Bgyp. 

tlu   Hlatory  ind   Arehrology.    With 

lUnltntioni.    Demy  Bto,  7a.  M.  uC 

WENLEY,        PROFESSOR,        D.Se.. 


)[  Michigan,  U-S^A.    Ciown  S' 
__IBLB) 

WriUire."  UJ      (JKABLIB        WHIBLI 

WILLIAM    tlTT.      with  PortralU  u 
AMERICAN '  SKBTCHBb!     Ciowq  Si 

WHISPER.   A. 

KING  A 

THB  SINISTEit  NOTE.    Crown  Svo,S>. 
WHITE.   REV.  JAMES. 
BIB    FRIZZLE     FUHPKIN,     HIQETS 
AT  UESa,  &c    ByRaT, JiHCSWbiti. 
lUuiMMd  Doiar.  la. ;  cloib,  li  <M 
WHYTB,   ADAM  OOWANS. 


THE  HEABT  OF  DELILAH,     down 


b,Goo(^lc 


WiUlam    Blackwood  &  Soa«'  Ust. 


WILSON,   LADV. 
LETTBB6   FROM    INDIA.      By   LiDi 

WINRAM,  JAMBS. 
VIOLIN      PLATING      ud       VIOLIN 
ADJDSrTHBNT.     By  jAHn  WlHKui. 

WORSLBY,      PHIUP      STANHOPE, 
M.A. 

HOUBR'S 

Engllib 
By  Phii 


WOTHEBSPOON,  M.  J..  M.A. 
ETRIB  BLBlfeN  ("  Lobd. 
M«KOT").    AMMiulorPriviiMPr 


WOTHBRSPOON,   H.  J.-coMd. 

BBPORE  AND  Al^ER.     BelDK  Put  I. 
or  'Kyiis  BM*oii.'     CloUi,  lim      " 


__j   Tmi    Lirmior   or  Cof- 

pBOMist       BdilBd    hj    Kit.     ~     — 
SnKTTt,  D,D.    Crown  8to,  4». 

VATB,   LIEUT.  •COLONEL,  M.P. 


B;  LlcDt. 
CM.O. 
Id  Uipi, 


NORTHERN  AFOHANISTAN;  OB,LKr- 

—   AroMAii   BocmiABT 

liRonttXapi.   Otmj 


BLACKWOODS' 

Shilling    Editions   of    Popular 

(Novels. 

BoinJ  In  Cloth.    WItb  Coloured  Illnstratloii  on  Wra^cr. 


THE  DAFT  DA  YS. 

Bj  NnL  MuHBO. 
THE  LUNATIC  AT  LARGE. 

By  J.  Stobmb  Clovbtoh. 
CAPTAIN  DESMOND,  V.C. 

By  Hacd  Ditbk. 
THE  GREAT  AMULET. 

By  Uaud  Divib. 
CANDLES  IN  THE  WIND. 

By  Madd  DiTBa. 
SARACINESCA. 

By  F.  Habioh  Ckawpobd. 
THE  MOON  Op  BATH. 

By  BiTR  Elui. 
JOHN  CHILCOTE,  M.P. 

By  EATHBBUra  Chu.  Tbdbston. 
THE  POWER  OP  THE  KEYS. 

By  SlSHBT  O.  Qbibb. 
A  SAFETY  MATCH. 

By  lAK  Hat. 


THE  ORBBN  CURVE. 

By  Olb  Ldk-Oh. 

THE  RIGHT  STUFF. 

By  Ian  Hat. 
IN    HIGHLAND    HARBOURS 
WITH  PARA   HANDY. 

By  Hdob  Fonua. 
A  MAN'S  MAN. 

By  Itx  Hat. 
FANCY  FARM. 

By  Nbil  Mcnbo. 
THE  ADVANCED-GUARD. 

By  STiin)CT  C.  Gsibr. 
"No.   101." 

By  Wthokd  Carbi. 
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Oeneral  Literature. 


Zhe  Scottish  Ueyt  Socictig. 


This  Sooren  wu  fonnded  in  1882  for  the  parpoae  of  printing  and 
editiDR  texta  in  Eutj  and  Middle  ScoU.  Two  parts  or  voluniea, 
extewUni^  ^  "ot  leas  than  400  paget,  «m  pnbliahed  annuallj ;  but 
addition^  parts  or  volumes  are  iMued  when  the  funds  permit.  Tbef 
are  printea  in  uniform  ttjle,  octavo,  and  are  is«ned  (a)  in  paper  covers, 
01  ifi)  bound  in  half-leatuer  (maroon),  with  cloth  Bides,^t  top,  and 
gilt  lettering.  The  Annual  Sabacription  is  £1,  1b.  (One  Guinea), 
payable  in  advance.  Specimen  Votumee  maj  be  seen  at  the  Society's 
Pnnten,  Messrs  William  Blackwood  &  Soni,  40  Qeorge  Street, 
Edinbnrah,  and  37  Paternoster  Row,  London,  or  in  any  of  the  librariee 
in  Great  Biitaiji  and  abroad. 

JCofs.— The  volnmu  hsie  besn  iaaned  in  halt-Iutber  ilncB  IS97.  Earlier  TolmnM 
•n  in  pftper  coven  odIjt  ;  bat  the;  ma;  be  bound  to  lbs  Societj'B  pattam 
atOw  cOBtot  l«.  6d.  per  Tolnme.  Host  of  the  baclc  Tolumea  are, in  prini, 
and  ma;  be  pnrohaMKl  bf  sabscriben.  PartlcQlara  Ot  price,  &c.,  may  be 
had  on  application  to  tbe  TreaauniT. 


LIST   OF   PUBLICATIONS. 


.    Pirt  I, 

- -    worigliial 

lAtln  bT  Frntha  Juuei  Dalryuiple. 
Edited  b;  tbe  Rev.  B.  Q.  Oodf,  O.S.B. 
pp.  130  and  It. 
Schir  WllUam  Wallace,  Knltbt  el 
Bllcralle.  Fart  I.  B;  Henrr  ^e  Mio- 
noDlf  kDOwD  u  BUnd  Harry. 


Bdited  b;  Janm  Uoir,  H.A. 
Tfea  WaDwx.    Put  I 

Uoli,)LA.    pp.  IW. 


Bdited  bj  Junta 


TbePoeaaelAleia 

Part  I.     Kdltad   b 
H.A.,  L1.D.    pp.1' 
The  Poene  el  Akxander  MeDtgeaciie. 


■   Sanitoon, 

L 


Part  nL  Edited  bv  Jan 
K.A.,  LL.D.  pp.  RSaiidlv... 
Oaa'i  Kebt  Var  hi  tbe  KlarXme  ol 
Naalae.  Bdited  by  tbe  Rev.  Pnireuor 
Ulccben,  D.D.    pp.  ISO  and  lilii. 


W.^lLMel 
Lealle'i  nuterie  > 


il    the    SminU    (Fouite 
Part  1.    Edited  b;  Urn 
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WllUam  Blackwood  &  Sons'  Ust. 


Salata.    Put  II.    Rdlt«d 


Edited  b;  tbe  Rev.  S.  O.  CodT,  O.S.B. 
pp.  1B2  uid  111. 
Satirical  Pmoi*  of  the  Tine  ol  the 
Retormatlan.      Part    I,       Edltsd    br 


Tb<  Poeni  of  WUHn  Dunbar,     Put 

NMh.     BjT  tb*  Rh.  W.  Ot^or,  LL.D. 


,    H.    H«t«iiire,    U^. 

ucular  Wrltlnn  o(  Qeorec 
■an.  KdlMd  br  P-  Hum*  Brown, 
L.D.    pp.  71  »nd  mvUl. 

Alliterative  I 


Satirical  Pocdi  of  the  TIdm  ol  the 
Refornallon.  Fiirt  III.  ContainlnK 
ftnc  portion  of  Hotea.    Bf  Junsa  Cnni- 


B;  ths   Rev.   W.   Oiwor.  LI.D. 
Appendix,  bf  M~  J.  0.  tUok*Tt  1 


LL.b. 


Parti.    Bdltedb7tb« 


Barbour'a  Brace.     Put  It.     Edited  by 

the  Rev.  Profeexir  Walter  W.  Skeal,  M.  A., 

LL.D.    pp.  tU  ud  Till. 
Barbeur**  Bruce.     Put  III.     Inlivlne- 

tloa     ^  tbe  Rev.  Profkanr  Walter  W. 

Bkat,  M.A.,  LI-D.     pp.  ciL 
Leille'i  Hiatoria  dI  Scotland.     Kdltad 

by  Uie  Rev.  B.  G.  Cody,  O.S.B.    ftrt  IV. 

Completion  or  Teit,  wltb  Notea,  Qlow 


(lint   ponlOD) 
HMeal^,  D.D. 


Poena  In  Rlnlaa 


The  Qnde  and  Oodlie  BallatK.    Bdlted 


Undeaay  of  PlUcottiCi  Hlatorto  aod 
Cronlclei.  Vol.  1.  Bdlted  I7  Aneaa 
J.  a.  Maikay,  LL.D.    pp.  tH  and  di. 

Undeaay  of  Pltocottle' a  ^Hlatorto  and 


Ollbcrt  ol  the  HajCa  Proae  MS.  (M56), 

Vol.  L.  TAiBhIm  of  Uic  i-aio  of  ArKifi,  or 
Butt  af  BalaOHi.      Edited   V    '■    H. 


I  l}»T«   Laii,    LL.D. 


Jiv'«  niMoryof  Ronu::  Tbe  FIrat 
Five  Booka.  IVliiilated  Into  Scots  br 
Jobn  Bellend«o  am).  Vol.  I.  BdltsI 
by   W.  A.  CnlgJe,  U.A.     pp.  SOS  ud 
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Qeneral   Literature. 


lABaon,  B.D.    pp'.  aiS  ukd  Inlll. 
The  New  Teitaoent  IB  Scot*.     Bdlt«d 
br  Tbomu  Gniea  Idw,  LL.D.    Vol.  11, 

The  Oiifinal  Chnnlel*  «f  Andnw  of 

WyMoDB  (c.  MM).     PiiDted  on  Pu- 

■llal  Puu  Irom  Ibe  Oottonlu  and  WmiTB 

HSS.,  HJthtlieVuUntsottbootliDTaits. 

BdlUd  by  P.  J.  ADionn.    ToL  11.  CTalt. 

ToL  1.)    pp,  051  ud  d;.. 
Uvv-s  Hlitory  of   Rmu;    The   First 

Five  Book*.    CompLetlon  of  Teit,  with 

Motu  and  OIcmhit.     Edited  bj  ff.  A. 

CnUla,  M.A.     VoL  II     pp.  MS. 
The  New  Testunent  la  Scat*.     Bdlted 

br  Tbouas  Onvea  I^w,  LL.D.    Vol.  III. 

pp.  Wr  and  illL 
The  Orlrlnal  Chronicle  •!  Andrew  of 

WyMoon.      MIted  hj  P.  J.   Amoan. 

Vol.  111.  (Teit.  Vol  II.)    pp  407  and  il» 
TiM  Orlcliial  Chmnldo  of  Andrew  ol 

WvWjBn.      Edited  JT  T.    •     


L  IV.  (Tart,  Vol.  III.) 


Itta  br  ProtMaor  Q.  CIthotj  aL 

II.  (Tail;  Vol  I.)    pp.  iV  and  ii 
The  Ori^oal  Cliranlcle  of  Andrew  of 

Vo?"v°"Tfit,  Vol.  IV.)    pp'.  4M  «id  li. 
The  Original  Chronicle  o)  Andrew  of 

Vof  V?."n^eit,  V.il.  V.)^  pp.  136  and  m. 
Tha  Poem  of  Robert  Hanrywui.  Ed- 
ited bv  Proi^aKn-  O.  Gregory  Suiith.     VoL 

III.  (tax,  VoL  II.)    pp.  106  and  at. 
Poena*  at  Alemnder  Montniiiierl*,  and 

SupplfimolBry  Voluma,  Ediled,  with 
IntnidDOtion,  Appandioea,  Notsa,  and 
Oloaaarr,  h]r  Qeargt  Stfv^nson,  H.A. 
pp.  3M  ud  iTf. 

UndMay  ot  PlttcMUa'*  MUtorla  and 
Croolcle*.  Vol.  III.  OloaiurT  and 
iDdax.  Bdfled  b]>  J!neaa  J.  O.  Haokay, 
1jL.D.    pp.  10&  aiKl  lii. 

A  BIMIocmphr  of  Middle  ScoU 
Poet*.  With  no  Introductioo  on  th« 
Hiatorr  ol  their  Bspnutian.  By 
William  Gaddia,  M.A.     pp.  Mt  and  eli. 


it  the  Lalk.  Fn>a1  Cambridae 
r  Llbnry  MS.  Edlt«d  by 
Miirtal   Grey,   M.A.      pp.    IIS 


tiargai 
The  Poetical  Work*  ol 


The  pMUcal  Work*  ol  Wllllaoi  Ornn- 
nond  of  Hawthomdea.  ffUh  -A 
Cyrnaae  Orovr.'  lidit«d  by  L.  E. 
Kutnn-.H.A.   VaL  11.    pp.  434*ndKill. 

Poenia  olJohn  Stewart  af  Baldnmal*, 
from  thp  MS.  In  Iha  Advocxlcii'  LltMary, 


FORTHCOMING    WORKS. 


ailbart    ot    tba     HayC*    Proae    MS. 

<I4S9)>     Vol-   ■<■     ''*<  ^<^  <V  I^  Ordtr 
o/lMvalrr,  Ac    Edited  by  J.  H.  StaTan- 
aoB,  H.A. 
The  Vamacnlar  Work*  ot  Jaaie*  Vi., 
Kloc  •(  Scot*.      Edited  by  Oltphaot 

Spedoien*  ol  Early  Lefal  DocBBenl* 


I.  T.  T.  BroiTB.     (Sn  SwuiB 
John  of  IreUod'*. Work*  ri49oX  1 


'ork*  (1490) 


Tba  Makculloch  and  Qray  MSB.,  with 
Bicerpta  from  the  Chepman  and  MyUar 
FiinU.      Edited   by   Gcoi^   StevenKra, 


ot      the      Refrnvutlon. 


lanl  I 

From  the  nniqna 

Earl  of  Daihuuiia. 
&t>a<-nk  By 
(lAaa).  I 
lecUoD)  I 


Noble  and  Val< 
Alexander  the  Orit. 

ipi  or  AiboUinola 


a  HlSCRLLUlT  oT 

nation  r«Eardlii( 
-ill    be    Bladlf 
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PERIODS    OF    EUROPEAN    LITERATURE:    A  Complete  and 

ClIMTlNUOUB    HlHTOHT   (ir   TBt  SOBJECT.       Edited  by   FROrSBMB  SAINTS- 

BUBY.    Ib  12  crowD  8vo  Tob.,  eocb  5>.  not. 


Th 

■  Dau  A<ib 

BrProf.W 

p.  K«r. 

Ar.,"- 

Hmebj. 

PHILOSOPHICAL     CLASSICS  FOR     ENGLISH     READERS. 

EilitBd  b;  WILLIAM   KNIOHT,  LLD.,   Profsuor  of  HonI   PbUMopfaf 

Id  the  UalTonit;  of  St  Aodreirs.  lU-ittMt  in  Shitting  VUvmtl  ntl. 

Prof,  Hibsllf.  Vice         .       . 


Prof,  W>J1h». 

Prof.'BdnrdCulrd! 
Jobn  Theodon  Mbii. 


Lnlght. 
CiOrd. 


Hn  OUpbut. 
Jit  B.  B.  Hunley.  K.aB. 

.  PhDclnl  TuJlnoli, 
.  Henry  RMve.  c.B. 
.  A.  %ward,  ac. 


ALrsBD  M  Udur 


Mn  Oil  phut. 

leniT  M.  TroUope. 

KlH  ThuktimT. 

» )  H«T.  W.  Loom 

r  ColliDi,  U.A. 


.    B.  J.  HuelL 

HeniT  Onj  Onbtm. 

0.  F.  OUptaut. 


ANCIENT  CLASSICS   FOR  ENGLISH   READERS.     Edited  \>j 

tb«  Rbv.  W.  LUCAS  COLLIN)),  M.A.    Cbup  RE-mnB.    In  limp  olotb, 
fcsp.  8va,  price  U.  e*cb  net.     ContetUi  <tf  the  Saia— 


\ 

^i'  J*  fllXbb"'' 

RCT.  A.  Cbtucta 

'}  }.  DlTiM. 

W.  J.  BnxUbb. 
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Wm.  Blackwood  &  Sons' 
Educational  Works 


Eroubh  . 

.       35 

HiSTOBT  . 

.       42 

LiTiN  iin)  Gbue 

42 

HODBUI  LUIOnAOIB 

4» 

KATHnunci 

.       .12 

.       ES 

CBnovntr  and  Popuub  Sc 

rtntoi    S4 

Oboloot 

.       64 

PHTUOAL  OlOOBlPBT     . 

Phtoholoqt  *in>  Looic 
FObhtbt 


Wbitd«]  um  Copt  Books 

UHTVIItBnr   CALIHDjkM 
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EDUCATIONAL  WORKS. 


*,*  Ttt€  PubUtben  will  be  glmd  to  coaalder  Mppllemtloaa 
tnm  TeMcben  tor  Spcelmen  CopleM. 

ENGLISH. 

A  History  ot  Eng^h  Critldsm. 

Bt  Qmboi  SAnmBTiaT,  M.A.  (Oion.),  Hon.  LLD.  (AbenL),  Profuior 
of  Tthatoric  >nd  Engliih  Utentnrs  in  tha  Dnlvanity  of  EdlDbnTgh.    Dam; 

Sto,  7i,  Sd.  net. 


WORKS   BY  J.    LOaiB   ROBERTSON,    M.A. 

A  History  of  English  Literature. 

For  BaconduT  Sohoola.     B7  J.  Loan  BoBnTMNi,  ILA.,  Tint  bglUh 
Hutor,  Edtabnrgh  LmUm'  OoUbrb.    With  an  latrodutlon  bv  PtofMrcr 
MaasoR,  Edinburgh  UntTwait;.    Siith  Edition,  raTtMd,S«.  ;  uid  inS  parta, 
U.  id.  eacb. 
VtOj  Ohnmial*. — ' '  ^a  expoaiUon  It  fmh  and  Indspandent,  and  bigli  abors 

(Im  I«tb1  of  tha  oidinaiy  work  ol  this  claia. Tha  book  ahonld  prOT*  ■ 

gnat  boon  not  only  to  laoondary  ichooli  and  collagea  bat  alao  to  prirata 
•tndanta." 

Outlines  ol  English  Literature. 

For  Yoong  Scholan,  with  lUoitiatiT*  Speolmana.    Br  tha  Sun  AmsoB. 
Third  Edition,  ra*iBsd.    li.  ed. 
SpMtator.— "To  (ketch  English   lit«nttu«  from   Beownir  down   to   Lord 
Hacaolar  in  a  hoiidnd  and  uty  pagaa  without  hHing  into  tlie  atjle  of  - 
catalogne,  ' "■' *  -*  —'-^-'-  "-  "-'---^ ■■  <--  ^  ■■ 


Bohool  OiwTdluu— "Of  tha  high  litov;  quality  of  this  lelMtloii  thare 
•an  b«  no  qnairtlDii.  There  is  noUilnj  hare  Uiat  la  not  olaaaleal  in  the 
strieteat  aenM  of  the  word." 
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36  WOUam  Mockwood  ft  Sons'  List. 

Bnjfllsh  Prose  tor  Janlor  and  Senior  Classes. 

Bt  the  Bams  Autsok.    Id  Two  Put*.    2*.  fid-  neb. 
PiAT  L— Uilorj  Xo  Johnson.    |    Past  II.— Ninstaentb  Centat7. 
EdDBktdanal  TImw. — "Wa  do  not  remember  to  hkve  aeen  >  better  priM 
coUaation  on  the  aime  aekle,  and  the  book  ahonld  be  vary  aaefol  to  tatclian  who 
like  to  work  on  the  lines  of  genuine  litentnre." 

■r  E.  BUlr.  Edvwtfon  Ottoer.— "  I  hmve  to  infonr  you  that  the  Committee 
ot  the  London  County  Conncil  concerned  hmra  decided  to  add  the  booh  entitled 
'  English  Exercises  for  Jnnior  and  Senior  Classes '  (J,  L.  Robertson,  1b.)  to  the 
Comacii's  snpplementsry  list  Of  iKKiks  for  eianing  achoola." 

English  Exercises  for  Junior  and  Senior  Classes. 

By  the  Sau  Adthob.    lu 

SolliKilmwiier. — 'Thase  ezeroiiies  have  the  high  reoommendation  of  iMlng 

the  gndnal  growth  of  a  conne  of  practisal  work  in  an  English  clsss-room 

The  manual  cannot  fail  to  be  of  serrtee  even  to  eipiTienoed  tMchen." 

HaadnLUtM',  Conncdl  CnitnJ  SeooDdary  SohooL— "Aa  an  English  teacher 
and  lectursr  ot  long  eiperiaDce,  I  may  eay  nnreserre^  that  I  am  ddlghtad  with 
the  book.  I  shall  cartainly  nsa  it  in  my  classes.  The  saggestlona  nnder  each 
artract  ace  extremely  good,  and  will  be  nlnable  to  teachers  and  itndenta  alike." 

Hlfb  Bohool  HwdmMtw. — "  Tha  eiatcUes  are  admirably  drawn  op,  and  are 
most  anltkble  for  olasaes  preparing  for  Laavin^  Certificate  or  Uni«erslty  eiamtna- 
tions.    I  hare  great  pleasure  in  adopti 
use  it  systematically  Uiraughont  the  at 

Bnfllsh  Drama. 

By  the  Sau  Author.    &.  Sd. 

Spectator.  ~ "  This  capital  selection Not  only  la  It  a  text-book   with 

axcoQent    notes,    bat    a    neat    and    handy    collection    of   Engllab    dnunatie 
masterpiaces." 

The  Select  Chaucer. 

Edited  and  Eloddated  by  the  San  Authob.    Crown  Svo,  Sa.  ;  and  in  Two 

Parts—Fart  I.,  2s. ;  Part  II.,  la.  Sd. 
AHlMlwini,— "  A  Tery  sneoeaafiil  attempt  to  enlarge  the  range  of  Ctaaneer 
reading  in  schools.    We  wish  ire  could  beilera  that  the  book  will  hare  the 
stronlatlon  it  deeerres." 

Paraphrasing,  Analysis,  and  Correction  of  Sentences. 

By  I>.  M-  J.  Jaun,  H.A.,  Gordon  Schools,  Hnntly.    la. 
AUo  m  Tw)  Partt:— 
Passsces  (or  l*arapbraslag.    Terse  and  Frosa.    M. 
Exercises    In    Ans^sls,    Parring,    sad    Correction   of 
Sentences.    Sd. 
— "The  pieoes  are  well  calcolatad  to  improre  tha  grammar  and 
J ...__  !..  ^  j^g  whioh  ia  not  distingaiahed  (or  lucidity  or 
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Educational  Works.  37 

Part   I.,  Chaucer  to  Bams,  clotb,  Is.  net. 
Part  11.,   Wordsworth  to  Newbolt,  cloth.  Is.  net. 
In  One  Volume  complete,  clotb,  2s.  net. 
Prlxe  Edition,  Ss. 

The 

School  Anthology 
of  English  Verse. 

A  Selection  of  EnglLsh  Verse 
from  Chaucer  to  the  Present  Day. 

EDITED   BV 

J,  H.  LOBBAN,  M.A., 

Lecturer  In  ED(ll(h  Utoralora,  Blrkbcck  Collage,  London  j 
Sdttor  of  "The  Oranta  Shakespeare.'  Ac. 

AtheiUltllll. — ' '  We  hen  here  laob  poetry  u  ringi  morally  Mund  and  exalti 
the  sDondeit  liutlacU  and  foelingB  oF  homan  nature. 

OnmrdlML — "The  work  is  worthy  of  nothing  leaa  than  abaolntely  nnqoolifled 
approTal,  and  we  oonUall;  wiali  it  the  heaxty  welcome  it  deserrea." 

joninal  of  BdBMtlon. — "  One  of  the  beat  nnall  anthologiea  wa  have  aean  for 
■oma  time.    The  aeleotloti  il  mad*  with  great  good  taate  and  care." 

Elementary  Qrammar  and  Composition. 


a  the  element*  at  hU  mather-tODe:ue." 
A  Working  Handbook  of  the  Analysis  of  Sentences. 
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3S  WUUam  Blackwood  ft  Soiu'  List. 

STORMONTH'S 
ENGLISH   DICTIONARIES, 

PRONOUNCINO,  lETVMOLOaiCAL,    AND    EXPLANATORY. 

SCHOOL  AND  COLLEGE   EDITION. 

New  Edition.    Crown  8vo,   1080  pp^    5s.  net. 

BLACKWOOD'S 
SEVENPENNY 
DICTIONARY 

"At  such  ■  price  notblng  better  could  be  a«ked :  good  cleu- 
prlnt,  concise  yet  ample  explwiatloos,  and  accurate  ety- 
mology. Just  such  a  handy  volume  m»  achoola  need.  H*» 
evidently  been  prepared  wttb  great  care.  Tt  luatlfles  Its 
record  for  reliability."— TAe  School  auantlaa. 

STOEMONTH'B 

HANDY  SCHOOL  DICTIONAET 

PEONOTOCraO  AND  EXPLANATORY 

Thoroughly  Revised  and  Enlarged  by 
WILLIAM    BAYNE 


Jd.  net 
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Educational  Worics.  39 

The  Qeorge  Eliot  Reader. 

By  Eluabith  Ln,  Author  of  'A  Bcfaool  Hiitorjr  of  Bngliih  LiUnture.' 
fto.    With  v>  IntKHliielian  md  Portnil.    ^ 
Aoadamj. — "  A  fueliutdng  little  Tolana." 

En^lsh  Word*  and  Sentances. 

Book   I.    Fob  thi  Jumom  Dirunni.    Sd. 
Book  IL    fo»  thi  Irtc&iuduti  DnnaioH.    8d. 
FTMrtloal  T*aalMr. — "TIism  booki  contain  nnmaroui  wall-gnduatad  aicr- 
dMi  in  English,  and  ihonlil  be  popular  with  teaahen  of  the  snbiect." 

Story  ot  the  World  Readers.     Sm  p.  fir. 

Blackwood's  Uterature  Readers.     Se*  p.  G6. 

Spedmeiu  ot  Middle  Scots. 

With  HiRouotL  laiBODnmoH  axo  Olouabui,  Sam.    By  O.  Obeoobt 


Bnglisli  Prose  Composition. 

B7  Jamks  Cubkib,  LL.D.    FUtr-aareuth  Thooaand.    Is.  6d. 

Short  Stories  tor  Composition. 

FiutSibibb.    Wiih  a^Hmnm  or  Lsnus,  axo  SvBJvm  rou  LwnEua 
AMD  Baaara.    Saranth  Impreaiioti.    112  pages.    la. 

Short  Stories  lor  Composition. 

SaooKD  Skbbb.    With  LHiKau  otr  Vooabuulbt,     lUrd  BdltioB.     113 
pagM.    la, 
EdnoKtiaiuU  Htwa.  — "These  itoriei  are  tnah,   short,   and  pithy.      They 
poBfWa  a  noralty  that  will  anecl  attantloii,  and  a  kamal  that  will  tax  te 
•ome  msamie  the  tliinUm  (acuity. " 

Short  Stories,  Fables,  and  Pupil-Teacher  Exercises  for 
Composition. 

WrcH  Ihhtbuotiohb  in  thi  Abt  op  Lnm  aho  Buat  WBtmia,  Piba- 
FHBAsnro,  FioDBn  of  SraiOH,  ftc.    Is.  Sd. 

BLACKWOODS'    SCHOOL    SHAKESPEARE. 


Is.  ei 

The  Merchut  of  Venice.     I  As  Yoa  Uke  It. 

Rlchsnl  II.  Henry  V. 

Julius  Ccser.  Macbeth. 

The  Tempest  |  Twelfth  Night. 

OtiUt  VotwHM  h 
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WUIiam  BiKkwood  &  Sou'  List. 


BLACKWOOOS'    ENQLISH    CLASSICS. 

Witb  Portraits.    la  F«kp.  8>o  volumei,  doth. 

Ocnenl  Editor— J.  H.  LOBBAN,  H.A., 

EdlMr  or '  Tta  Sebool  AutliDlagj ' ;  Lectonr  In  BuUiti  Lluntnn,  Blritbeck  OoUcga, 

London;  Bdlu«or'TluQtuiM8k*tMp*u*,'*e. 

J0mmml  m*  E^MOaf Ion. —'"Fbia  8eri«>  has,  -we  bellOTa,  Klrekdy 
won  ths  faTounblo  notioa  of  toaohora.  It  oartainlr  dOMrvM  to  do 
■o.  Ita  TolomM  are  »dtt«d  with  Mholarlr  oaia  and  loand  Utoran 
judsmant.  Thejr  ar«  atronKly  and  nsatlr  bonnd,  and  sxtrem«ly  -wall 
printed." 

Malmrdmy  Rarl»w.—"  The  print  U  good,  and  the  fntroduotlona 
both  ahort  and  to  the  point,  while  the  aotea  Btrlke  ■  happy  mediant 
between  ntiiplaoed  erudition  and  trivial  ■orappineai." 

Sohoof  BomrtI  OJkfwn/a/aB—"  There  are  no  more  thoronjth  and 
bfllpnil  annotated  edition*  than  thoae  of  the  leriea  of  Blaokwooda* 
Slngllah  Olaaaloa." 


Cowper — The  Task,  and  Minor  Poems. 


Scott— Lady  of  the  Lake. 

Bj  W.  K  W.  COLLIKB,  M.A.    Ii.  6d. 
SatnrdAj  Barlaw.— "Like  Knne  other  membars  of  tb<i  seriei  ot  'EngUih 
ClaMica'  we  have  noUcad  reoeatlr.  this  Tolnme  ia  a  good  piace  of  woA. 

Johnson — Lives  of  Milton  and  Addison. 

B7  Profeuoi  J.  WloBT  Dorr,  D.Litt.,  Dorham  College  of  Soianae,  Ifaw- 
caiUe-npoD-Tfn«L    2a.  Sd. 


Milton— Paradise  Lost.  Books  L-IV. 

B;  J.  Looil  BOBwraon,  H.A.,  Firat  Bngljih  Maater,  Kdiobnrgh  Ladtea' 


Macaalay — Life  of  Johnson. 

BrD.  NicHOL  81UTB,  M.A.,  Qoldgiiilth's  Beadec  in  English,  UaiTerdtv  of 
Oxford.     1b.  6d. 


Carlyle — Essay  on  Burns. 

By  J.  Dowm,  M.A.,  U.F.C.  TrainiDg  Collage,  AWrdesii.    2a.  6d. 
OwwdUn,— "A  highl;  acceptable  addition  to  onr  itock  of  school  dajaici. 
We  coDgnttnlite  Mr  Downie  on  havfiiE  foond  a  Bald  worthy  of  his  labonn, 
aod  OD  haviDg  accomplished  hia  taak  with  filthfnliwi  and  skill." 
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BducatloiMl  Woriu.  41 

BUCKWOODS'   ENQLISH   ClASSlC$-<K>ntitw*d. 

Ooldsmlth— Traveller,  Deserted  Village,  &  other  Poems. 

B;  J.  H.  LoBBUl,  M.A.,  Lectnrar  in  EngUah  Litentaie,  Blrkbtwk  College, 
Loudon,    li.  6d. 
UtantaUV.—"  It  GkildmiiUi  tooohsd   nathiug  that  be  did  not  adorn,  Hr 
Lobbui  uid  his  pnbUthm  h*ve  adorned  0«ldainlth." 

Pope — Essay   on   Criticism,    Rape   of   the    Lxwk,    and 
other  Poems. 

By  Qaoaaa  Soutar,   H.A.,  UttD,,  Lsctnrer  in  Eagliili  Langiufit  and 

LitenLture,  Univenitr  CoUeRa,  Dondee.    Si.  6d. 
QlunUnn. — "  The  selection  is  made  vith  taite,  and  the  conunentary  is  lonnd, 
adequate,  and  not  orerburdened  with  saperflnani  information." 

Haziitt—Essays  on  Poetry. 

B;  D.  NtOBOb  Smith,  H.A.,  Ooldnnltli')  Reader  in  English,  Uniranitjr  of 
Oxford.    2s.6d. 
Atbwumm.-'"  The  introdnction  it  a  ea[dtal  piece  of  work." 

Wordsworth,  Coleridge,  and  Keats. 

B7A.D.  ImnSiH.A.,  Editorof 'Ju)iaiCBaar,'&o.,&a.    2s.  Cd. 
AoMlmv. — "  for  Hr  Innea'i  Toituns  ira  Ikave  nothing  bnt  praiae." 

Scott — Marmion. 

Bt    AluaHSER    MAam,    M.A.,    Examiner    in    English,    UniTSriitx    of 
Aberdeen;  Editor  of  'Wuran  Hutlngs,'  Ac.    li.  Sd, 
OnardljUL— "  The  volome  is  worthy  to  take  lU  place  with  the  best  of  its  kind." 
Lamb — Select  Essays. 

Br  Aana  Wilhon,  Editor  ol  Brovning'B  'Strafford,'  fee. ;  lata  Banloi  English 
Wstress,  East  Pntuey  High  BofaooL    2s.  6d. 
AthwiBiun.— "  Hiss  Wilson's  edition  is  wsU  eqnipped." 
Milton — Samson  Agfonlstes. 

By  E.  H.  Blakbist,  M.A.,  Headmaater,  King's  School,  Ely.    2i.  6d. 
Solinol  WorttL—"  ETSrytUng  tutifles  to  exoellant  scholarahip  and  adilotial 
oars The  notes  an  a  joy  to  the  critic." 

By  ron — Selectio  n  s  ■ 

By  Professor  J.  WroHT  Burr,  D.Litt.,  Armstrong  Coll^,  in  the  UnlTersity 
of  Durham,  Newcastle-upon-Tyne.    3l.  6d. 

Acttdemy  and  Lltsmtnza. — "Nothing  baa  been  done  perfunctorily;  Professar 
Duff  ii  himself  interested  in  Byron,  and  paaees  on  to  his  reader,  in  conaequsnoe, 
some  of  the  amotion  he  himself  has  felt, 

Mr  Q.  K.  ChMteTton  in  'Tb<  DailrNeira.'-"  Mr  Wight  Duff  has  made  an 
eiceadlngly  good  selection  tnm  the  poems  of  Byron,  and  added  to  them  ■  clear 
and  capable  Introduotory  study. " 

ProfssMr  B.  VUkar  in  'Engllsohe  Studlan.'—"  Wight  I>afl'a  Byron  wlrd 
aicherlich  daxu  beitranti  dea  Diohters  Werke  in  Sngland  mehr  m  verbreiten, 
all  dies  bisher  eeschebeD  ist.  Aber  mch  in  Duntscblaud  ist  das  Buch  alien 
FrenndsD  Byron^s  warm  tu  empfehlen." 
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42  .WUllam  Blacltwood  &  Smu'  List. 

HISTORY. 

A  Short  tlUtory  of  Scotland. 

By  AnDRKW  LiMa.    Crown  Sni,  Gi.  net. 

LATIN  AND  GREEK. 

nigbtT  Latin  Prose. 

with  an  IntMdacticiB  by  H.  W.  Adxii',  M.A.,  Friadp&l,  Upper  Caudk 
Collwe,  Toronto ;  tormerlr  Aulstant-Huter,  Fettea  College,  ftdinborgb ; 
late  Scholu  of  Chriit'B  Coll««,  Cambridge,  uiil  Bell  CTnirereitr  Sehalir. 
2i.  Cd. 

*,*  A  Kty  {for  Ttachtri  ntJy),  6>.  tut. 

EdoMiUaaftl  TImM.— "  Those  wbo  m  in  need  of  *  ihort  piacticil  goida  on 

the  latgect  Till  find  Mr  Anden'a  little  WMk  wall  worth  a  tiiaL The  i^wM^ei 

choaan  an  wall  salted  Toi  translation." 

School  QnudlalL — "This  is  an  excellent  Latin  prose  manoal.  The  hints 
on  campodtion  aie  flrtt-rate.  and  shonld  be  of  eoniJdsrabU  ua  to  the  etndant 

oi  style  wbo  has  maatared  Uie  ordinary  mles  of  proaa  writing. iltocatiwr, 

thia  la  a  very  Talnable  tittle  boot " 

Lower  Latin  Prose. 

By  K.  P.  WlUOR,  H.A.,  AiaUtant-Hastar,  Fatta*  College,  Edii>bnrgh. 
2b.  ad. 

*,*  A  K*if  {./or  Teadi^rt  only),  St.  tut. 


Higher  Latin  Unseens. 

Cujida  CoUege,  Toronto  ;  fanneriy  AMtnant-Haalar,  FeKw  Col^ae,  Bdin- 
bnrgh ;  late  Scholar  of  Christ's  College,  Cambridge,  and  Bell  UniTenity 
Scholar.    Zb.  U. 


Ediioatloiwl  N«wi.— "  The  hints  on  tranalation  given  by  Mr  Anden  are  tb« 

moat  nsefnl  and  judlcions  —  "■ ' *-  —     '— "■    — '  " "' — 

trated  with  skilful  point  ai 


it  nsefnl  and  judlcions  we  have  seen  in  auch  Email  balk,  and  tbey  are  illoa- 
Ifulpf  -      '-' ■ 


Lower  Latin  Unseens. 

Selected,  with  Introduction,  by  W.  Lobbam,  H.A.,  Classical  Master,  Blgh 

School,  Olaagow.    2e. 
mlnewlllll — "  More  interesting  in  mbatanee  than  snah  thing!  nasally  are." 
Jwinkl  of  BdnoatioL — "Will  be  welcomed  by  all  taaoheA  of  Latin." 
SehCKil  ChUfdlML — "Tha  IntrodaetotT  hints  en  translaUon  shoold  be  well 
etndjed  ;  they  ara  most  ralnable,  and  wall  put" 
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Educational  Workf.  43. 

How  laiDBd  kt  la.  6d.  n«t  to  moet  Uta  reQiilreinoiits  of  tlia 
■dOMtlOD  Sepkrtmoiit  for  a  Iiatiu  Tranalatlon  Book  anlted  to 
pupils  in  the  «>rlr  ataca  of  the  loldeat.  In  Ita  noTe  expenaive 
form  thB  Totuina  haa  been  eztenaivelT  naed  bT  the  greater  Pnblio 
Soboola,  and  la  In  tta  Twelfth  Bdition.  A  ipeolnien  oopr  will  ba 
aent  crstla  to  any  toaoher  wlahinc  to  examine  the  book  with 
a  Tlew  to  Introdnotlon. 

TWELFTH  EDITION. 

Aditus  Faciliores. 

AN    EASY    LATIN    CONSTRUINO    BOOK, 

WITH  VOOABVLART. 

A.  W.  POTTS,  M.A.,   LUD., 

LiU  H«d-Mutw  of  tha  PMtac  OoUeca.  Bdlntmrgh,  ind  umetimt 

PaUaw  «f  8t  Joba'B  OoDagi,  OuuMdeB; 

ADD  IBM 

Bit.  0.   DARNELL,   U.A., 

L*ta  Bwd-UiaUi  at  OugUfield  PnnnbM  Sebool,  Bdlnbai^, 

ud  Scholu  oT  Fambroki  and  bomiss 

OaltigM,  Oamteldst. 

Contents, 

PART  I.— Stories  and  PabiM— The  Wolf  on  his  Death-Bed— Alex- 
ander and  the  Pirate— Zeno'a  Teaching— Ten  Hel^rs— The  Swallow 
and  the  Anti — Discontent — Pleamies  of  Country  Life — The  Wolf  and 
tiiB  Lamb-^iioplieitj  of  Fann  Life  in  Ancient  It^ — The  Concsited 
Jaokdaw  —  The  Ant  and  the  OraBahoppor  —  The  Haraa  contemplate 
Suicide— The  Claver  Parrot— Simple  Living— The  Hnman  Hand— The 
Beai — Valne  of  Bivere — Lots  of  the  Gonntrj — Jono  and  the  Peacock — 
The  Camel— The  Swallow  and  the  Birds— The  Boy  and  the  Echo— The 
Bteg  and  the  Fountain— The  Cat's  Denee— The  Humfln  Figure— The 
Silly  Orow— Abraham's  Death-Bad- The  Froga  aak  for  a  King— The 
G«dB  select  •e^erally  a  PaTonrita  Tree — Hear  the  Other  Side. 

PART  II.— Historical  Extracts— Tbk  Stobt  or  th2  Fabii  :  Histori- 
cal Introdnction — The  8to^  of  the  Fabii.  Tbk  Conqbist  ot  Tm  ; 
Historical  Introdaction — TTie  Conqtwat  of  Veil.  Taa  Saokitiob  aw 
Daoira  -.  Historical  Introdnction — llie  Sacrifice  of  Decins. 

PART  III The  First  Roman  Invasion  of  Britain- Introdneticn 

to  Extracts  from  Cssar'a  Comment&riea — The  First  Boman  InTaaion  of 

PART  IV.— The  Ufe  of  Alexander  the  Qreat- Hiatorical  Intro- 
dnctioQ — Life  and  Campaigns  of  Alexander  the  Great. 

ArPIIfSIX.  VOOABITLABT.  AsDinSA. 

3Sw  it^v  U  lUuHrtU  Vtt  Firtt  Ramcm  Intcmm  ^  Bntoin  and  (As 

CamiMi^M  tfAlManiar  tts  OrmL 
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44  William  Blackwood  &  Sons'  Ust. 

Rrst  Latin  Sentences  and  Prose. 

By  E.  P.  WlLMfl,  H.A.,  Uta  BobaUl'  of  PBmbrab  CoUesc,  Cuntcidn ; 
AuttUnt-Hutra  at  Ftttea   CoIl«s«.     With  Vawbnlwj.     2s.   6d.     JJso 
ismed  in  Two  Pwrte,  li.  Sd.  auh, 
SAtordaj  B*t1«V.— "TbU  Li  Jnit  the  right  tort  o(  help  the  begtnnec  wanta. 

It  U  cart&liilr  a  book  to  b«  nccmmsiiiled  for  pMparatory  aoboc^  or  tha 

lowec  claaiaa  of  a  public  BohooL" 

EdnoRitioiuJ  B«vi«v.— "  Form  mutati  in  worah  of  a  naw  composltioi]  book 
irill  welcome  thii  publication." 

A  First  Latin  Reader. 

id  Tocabolar;.    Bf  K.  P.  Wilson,  M.A.,  Feltaa 

Tales  of  Ancient  Thessaly. 

An  EHementary  Latin  Baading  -  Book,  with  Notea  and  Vooalndai?.  Bj 
J.  W.  B.  Pkaboi,  H.A.,  Headmaster  of  Uerton  Conrt  Pieparatwy  School, 
Sidcnp;  lata  Aaalataut-Haater,  UniTersitT  Collie  School,  LoadOD.  With 
a.  Preface  by  J.  L.  Patoh,  M.A.,  Ute  Fallow  of  8t  John's  CoUige, 
Cambridge ;  Beadmastet  of  the  QramniaT  School,  HaucbeBter.     la. 


if  Emmanuel  CoUen,  Cambridge  ;  Joint-Aathor  of  '  Stiid«it'( 
r '--liore.'    l».6d. 


Latin  Verse  Unseens. 

B;  a.  MmULvCOH,   H.A.,    Clasilcal    Master,  Abeideen   Qnnunar  School, 
1^  Scholar  of  Emmanuel  Colli       ""    ..-...-.  .  .      ....       ...«._...... 

Companion  to  Latin  Anthor*. ' 
BohoDlmaatar. — "They  form  excellent  practice 

— !_._  _.  -tjig  ,aa  lubjeet.    Fo '  — 

II  tha  book  la  a  thoroi 


Tariety  of  style  and  lubjeisL    For  pntpoaee  of  geuanl  study  and  a 
""'"""''"  'horonpily  naafnl  one." 


Latin  Historical  Unseens. 

For  Army  Classes.    By  L.  C.  TatroHAM  WiLvn,  H.A.    ' 


5tonyhurst  Latin  < 

By  Ra*.  JOBM  OSKUUl.    Second  Edition.    Pp.  IM. 

Aditus  Paciliores  Qmcl. 


Camenarum  Rosculos  In  Usum  Fettesianorum  decerptos 
Notis  quibusdam  lllustraverunt  A.OuL.PoTn,M.A.,LL.D. ; 

Out.  A.  Hbuo,  H.A.,  LL.D.    New  Impression.    Crown  Svo,  3s.  6d. 
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Qreek  Accidenc«. 

For  Um  fn  Prapuiiory  and  Public  achoola.     By  T.  C.  WufHnBKAl), 
H.A.,  HeadmureBC,  Choir  Sohool,  Sha't  Oollege,  Cunbridee;  formerly  of 
Trinity  CoUdge,  Cunbiidgc,  and  B«ll  DnlTanity  Schobr,    Is.  Bd. 
Utemtim. — "Not  the  leut  of  Its  merits  ii  the  eleimees  of  the  type,  bath 
Qreek  uid  Biii^h." 
Pilot. — "The  moit  nwtul  boot  for  beglnnefe  we  have  leen." 

The  Messenlan  Wars. 

An  KlentantBry  Oreek  Header.  With  Eierclaea  and  Full  Tocabnlary.  By 
H.  W.  AnDMn,  II.A.,  Principal,  Upper  Canada  College,  Toronto ;  formerly 
Aniatant-Haater,  Fettee  OoUeg^,  Edinbarf;h  ;  late  Bcholar  of  ChrUt'a  Collage, 
Cambridga,  and  Bell  Unireralty  Scholar,  la.  3d. 
SAtnrdky  It«Tlsw. — "  A  far  more  spirited  narratlTe  thao  the  Anabaaia.  We 
warmly  commend  the  book." 

HlKher  Qreek  Prose. 

with  an  Introdaetfon  by  H.  W.  Audih,  U.A.,  Principal,  Upptr  Canada 
Oollege,  Toronto.    2s.  9d.    •,*  Key  (for  Teathtri  mfy),  U.  Mi. 
Quaidlaa. — "The  selection  of  passages  tor  translation  into  Qreek  is  eerlaloly 
well  mads." 

Jeamal  of  B1^1llflltlT■ — "A  """"'i  of  w«D -graduated  eierdsea  in  Qreek 
ProBB  Composition,  rangiikg  from  short  sentences  to  continnoas  pieces." 

Lower  Qreek  Prose. 

By  E.  P.  WtuOK,  H.A.,  Aasistant-Haster  in  Fettes  College,   Bdinburgh. 
3a.  9d.    't'  ^  ^ey  if'^  Ttaeheri  only),  6«.  lu*. 
Sohool  Qnardlan. — "A  well-airanged  book,  designed  to  meet  the  needs  of 
Bdddle  formi  In  schools." 

Higher  Qreek  Utueeiu. 

For  the  Use  of  Higher  Forms  and  University  Stndents.  Selected,  with 
Introdactory  Hints  on  Truulabon,  by  H.  W.  Atidbii,  H.A.,  Principal, 
Upper  Canada  College,  Toronto ;  formerly  Assistant- Master,  Fettes  College, 
Edinburgh.  2b.  6d. 
EdnoKUeukt  TlniM.— "It  eontaina  >  good  selection  qnlte  difficult  eoongb 
for  the  htghaet  forme  at  pnbUo  soboole." 

BahoolmkatBT. — "The  introduetorr  remarks  aa  style  and  tnuislatian  form 
emiiMtitly  profitable  preUaunary  reaiuiia  for  the  earnest  and  dlligsot  worksr  in 
the  golden  ndne  of  classical  scholarship. 

Qreek  Unseens. 

Bnno  On  HoFiiiuai  PaaaaQn  for  TRUfBLanON  at  9iqht  ih  Junior 
CLassn.    Selected  and  arranged.    With  IntTodacU'ni  bT  W.  LoBsaN,  H.A., 
Classical  Heater,  The  High  School,  Olat^w.     2b. 
This  little  book  is  deeigned  tor  the  nse  of  those  preparing  for  the  LeaTJng  Cer- 
tificate, Scotch  PreliminiJT,  London  Matricnlation.  Md  glmilar  eiamlnalJnna  in 
Qreek.    The  eitraets  are  di^wn  from  over  a  score  of  dUferent  authora,  and  regard 
has  been  had  In  the  selection  to  literary  or  historical  Interest,  and  in  the  unnge. 
ment  to  prograssiTe  difflcolty. 
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Qreek  Verse  Unceen*. 

nrar  In  CUndia. , _-, , 

_.     -      r'  ;  Jdnt-AntliorS'Stiiarafi 

CompAiiloii  to  Latin  Anthon.'    la.  So. 

SohMl  (hurdlAlL— "A  upiUI  leltetlan  nude  with  mneb  dlmatlBn It 

IB  a  gtett  merit  that  the  nlectioni  an  Intell^Ue  aput  tnna  their  oontext" 
UnlTanitj  OoRMpondMit. — "Tbii  einfal  and  jadiclooi  Mleetton  ihaold 
be  found  ver;  auful  in  the  higher  formi  of  schools  and  in  preparing  for  len 
adTBDud  Unlvaraitj  eiaminatloni  for  Hononra." 

Oreek  Test  Papers. 

By  JaMBaHom,  LIttD.,  LL.D.,  late  co-Beeter  of  Aberdeen  Qrammai  School. 
21.  «d. 

■,■  A  Keg  {far  TiaelMT*  oniify,  it,  tut. 

UnlTanl^  OoRMpondmt.— "Thla  uefnl  book llie  papen  are  baaed 

«n  the  loD|r  experience  of  •  practieal  teaober,  and  ihoold  prove  ai(i«mel;  help- 
ful and  snggattlTB  to  all  taa«he»  of  Qreek." 

Oreek  Prose  Phrase  Book. 

BaMdonThnofdtdea,  Xenophon,  Demofthenea,  andPUto.   Arranged  a«ec«d- 
ing  to  anbjacti,  with  Indeiee.      By  H.   W.   Adddi,   H.A.,   Editor  ot 
'  Uelaoer'e  Latin  Fhraae  Book.'    InterlMTod,  St.  6d. 
BpMUtor.— "A  good  piece  of -work,  and  likely  ta  be  naefaL" 
AthainMiwi  — "  A  oaehl  little  Tolame,  helpfiil  to  boyi  who  are  learning  to 
write  Qrwh  proee." 

JowimI  of  EdaofttioiL — "  Ot  great  aerrioe  to  ichoolbne  and  schoolmaetan 
alike.    The  idea  of  iaterleaving  is  eBpedally  eonunendahle. 

Aristophanes — Pax. 

Edited,  with  IntrodnetiDn  and  Notei,  by  H.  Bbabflbt,  M,A.,  late  Seholir 
of  Corpus  Chrliti  College,  Oxford.    In  1  vol.    I2>.  Od.  %tl. 

A    5bort    History    of    the    Ancient    areelcs    from   the 
Earilest  Times  to  the  Roman  Conquest. 

By  P.  QlUB,  Litt.D,,  LL.D., 
With  Maps  and  lUuatrattonB, 

Outlines  of  Qreek  History. 

By  the  Sami  Aitthok-IlIii  1  ^ol.  I^n  preparatvm. 

A  Manual  of  Classical  Qeography, 

,   Fellaw  of  Magdalene  College ;   Profeuoi  of 
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BLACKWOODS' 

ILLUSTRATED 

CLASSICAL    TEXTS. 

GiirauL  EnnoB— H.  W.  AUDEN,  H.A. 


IMmr-mtmrm,  — "  Th<  baM  ir«  !!»▼•  Men  of  th*  saw  typ*  of  lohool- 
book." 

ileM#««ur.— "  If  the  prioa  of  thla  aMiM  U  ooiulderod,  ir«  know 
not  wlLoro  to  look  tor  lt«  •qnmL" 

PbWI0  Mvhmml  Wa0«sAM.— "  Th»  plataa  uid  in»p*  •eem  to  h»T« 
been  pvepAred  r«cardl«aa  of  eoat.  Wevondar  how  ne*n»U  be  done 
M  Uie  prloe." 


BLACKWOODS'    CLASSICAL    TEXTS. 
Cesar— QaUic  War,  Books  ■.•III. 

Br  J.  H.  HUDWIOB,  H.A.,  AnijI 
St  John'a  CoUage,  Cambridgs.    W11 

CBsar— Gallic  War,  Books  IV.,  V. 

Br  Be*.  Si  J.  B.  Wnm  WnxsoH,  & 

late  Sofaalar  of  St  John'a  Collsga,  Can 
li.  6iL    Vocabolaiy  aaparately,  8d. 

Cnsar— Oalllc  War,  Books  VI.,  VII. 

.  A.  A.  Du  rotnm 

'ocabnlary.    Is.  Be 

VirgU— aeorsric  I. 

By  J.  SAUmAtrirr.  H.A.,  Assirtaat-Harter  at  WeetmliiBter  ;  late  Scholar 
of  Univeraitr  College,  Oxford,    la.  6d. 

Vlrrll— Qeorglc  IV. 
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BUCKWOODS'  CUSSICAL  TEXTS— cantimitd. 

Vlr^l— yCneld,  Books  V.,  VI. 

Bj  R«.  9t  J.  B.  Wmn  WtLUON,  U.A.,  BMdmMMl,  Haileybuty 
Callege,      la.  fld. 

Ovid— Metamorpboses  (Selections). 

Br  J.  H.  ViMoa,  M.A.,  late  Scholar  of  Christ's  College,  Cunbridga. 
Awiatant-HaaCer  at  Bndaeld.    Ii.  8d. 

Ovid— Elegiac  Extracts. 

Bt  R.  B.  BCRMaBT,  M.A.  Oian. ;  Qaanoal  Uaater,  Trinitr  College, 
GlenalmODd.    Is.  Od. 

Arrian — Anabasis,  Books  I.,  11. 

B/  H.  W.  ADDMM,  H.A.,  lata  ScboUr  of  Chrlat's  College,  Cambridge; 
nineipal  at  Upper  Canada  College,  ToroDto ;  formerly  Atsiatant-  Master 
at  Fettea  College.     2a.  Sd. 

Homer— Odyssey,  Book  Vl. 

By  K  B.  Sncn  H.A.,  Felloir  and  Leotonr  or  St  Jobn'i  CollBg*. 
Cambridge,    la.  6d. 

Homer — Odyssey,  Book  Vll. 

By  B.  &  SlEM,  H.A.,  Pellov  aod  Lecturer  of  St  John's  Collsgt, 
CuQbridge.  " '-'- 

Demosthenes — Olyntblacs,  1-3. 

Bj  H.  SHaBPLSI,  H.A.,  late  Scholar 
Maatcr  at  Hereford  School.    1«.  Bd. 

Horace— Odes,  Books  I.,  II. 


Horace— Odes,  Books  ML,  IV. 

By  J<  Sanataoirr,  M.A.,  Aaiiataat- Muter  at  Westminater.    Is.  H. 

Clcero~ln  Catlliaam,  I.-IV. 

By  H.  W.  Addkm,  H.A.,  late  Scholar  of  Christ's  College,  Canbridga ; 
Principal  of  Upper  Canada  College.  Toronto;  formsrly  AsMstant-Haater 
at  Fattea  Collage.    Is.  6d. 

Cicero— De  Senectute  and  De  Amlcltia. 

By  J.  H.  ViNCE,  M.A.,  Asaistaot-Haater  at  Bntdflald. 

[In  pT«paralu/n, 
Cicero — Pro  Lege  Manilla  and  Pro  Arcbla. 

Br  K.  p.  WitaoM,  K.A.,  late  Seholar  of  Pembroks  College,  Cambrldga  : 
Aaaiituit-Macter  at  Fettu  College.    2s.  Sd. 


b,Goo(^lc 


Bdocatloiial  Works.  49 

BUCKWOODS'  CUSSIUL  nXXS—amtinutd. 

Ctcero— Select  Letters. 

Br  Rot.  T.  NlOKlihr,  H.A.,  Anlttent-HMter  it  KonaU.    3l  6d, 

Cicero — Pro  Caecina. 

B7  Bav.  J.  H.  LunoR,  H.A.  OuiUb.,  Aulatut-HMter  at  Uulboniu|;h 
CollegB.  [In  fnparvCHm. 

Tadtus — Asrlcola. 

Br  H.  7.  UoHi.un>  SiMPMH,  H.A.,  Ute  SchoUt  of  Pambrok*  College, 
Ckmbridgs;  Rector  or  Abardaen  Onmmar  Bchool.  lln  preparatum. 

Xenopbon — Anabasis,  Books  I.,  II. 

Br  A.  Jaoobb,  M.A.,  late  Bcholar  of  Pembroka  Collega,  Cambridge ;  Head- 
maeter,  QueaB  ffliubatb'a  Qrammar  Sohool,  ManaAeld.      la.  Sd. 

Salluat— Ju8:urtba. 

Br  I.  F.  BtOBLn,  H.A.,  Aaalrtant-Huter  at  Waatmlnatn  ;  late  Fellow  of 
Pembroke  Call^a,  Cambridge,    la.  M. 

Euripides — Hercules  Purens. 

Bf  K  H.  Bi.uBHn,  M.A.,  Headmaater,  King's  School,  El;.    2a.  6d. 

Uvy— Book  XXVIII. 

Br  Q.  MiDiii.>i«ir,  U.A.,  CUMlnl  Haater  in  Abardeeu  Grammar  Scbtml ; 
and  A.  BonriH,  D.LitL,  Bc^ne  Profeaaoi  of  Hnmanity  in  the  UaiTareitr  of 
Aberdeen.     Is.  6d. 

Uvy— Book  IX. 


Nepos — Select  Lives. 

Br  Rev.  E.  J.  W.  HovQHTON,  D,D.,  Headmaatai  of  Roasall  ScbooL 

[In  the  prat. 

MODERN  LANOUAOES. 
FRENCH. 

Hiatorlcal  Reader  of  Early  Prencb. 

Containing  Passagaa  lUaatratiTs  of  the  Growth  of  the  French  Language 
from  tlie  Barllest  Tlmea  to  the  end  of  the  IBth  Centurr-  Br  HntBiSt  A. 
SlBOHa,  LL.D.,  OSder  de  I'lnstnictiDn  Pnbliqae,  Profenor  of  Latin, 
UniTersttr  College,  IdTerpooi;  and  L.  D,  BasniTT,  U.A.,  LittD.  8k. 
BBMtUwL— ' '  A  moat  Tstnabli  companion  to  tbe  modeni  bandbooka  on  hie- 
torieal  French  grammar. " 
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The  Tutorial  Handbook  of  French  Composition. 

Br  AuBID  Hibohb,  L.-4a-Ii.,  Lrctcnr  on  Fmeh  Lugiuge  and  Litufttnn 
ID  the  UniTerdtr  otSt  Andram.    3a.  6d. 
EdnoiitlMMl  TliMp.— "A  mj  nwrnl  book,  wUoli  admlrtblv  >ca<nnpliih« 

its  abjset  of  helping  stadeata  prepsring  for  aismlnatloas It  ia  ol  rather 

noTel  lln«,  which  commend  thimulTM  at  once  to  latj  ona  vha  ha>  had  to  taadi 
the  ubjtot.'' 

Prench  Historical  Unseens. 

For  Ann;  Claem*.     By  N.  B.  Ton,  B.A.     2b.  Ad. 
Joioaal  vl  EdiuatlDiL~"A  diitinctlj  good  book Uay  be  asreserredlT 

eommended." 

A  First  Book  of  "Free  Composition"  in  French. 

Br  J.  Edmohd  HuraiOH,  B.4i.L.,  Sanior  Modern  Langnaga  Maatar.  George 
Wataon'i  Collage,  Edinburgh,    la. 
School  Wnld.— "We  racommand  It  warmlf  to  all  teaohen  of  French,  and 
tmit  that  it  will  have  a  wide  drcnlatica." 

French   Test   Papers  for  Civil   Service  and   University 
Students. 

Edited  br  Ekili  B.  im  FBAHfOU,  Freitoh  Tnlor,  Radellff  Hoiua,  Wn- 
cherter  Hooh,  9t  Ivea,  fee,  Oimou,  BrittoL    2(. 

WmU;  Beglatv.— "Deaarrea  aa  mach  praise  aa  can  be  heaped  on  It 

Thoroughly  good  work  throoghoat," 

All    French   Verbs  In  Twelve  Hours  (except    Defective 
Verbs). 
Bj  Alfbmd  J.  Wtatt,  H.A.    li. 
Weaklr  Baflstar.  — "Altogether  unique  unoag  Franch  grammatical  help*, 
with  a  ajntam,  with  a  coii})  cTcm,  with  aToidanoe  of  repetitiou,  with  a  premium 
on  lutaUactoal  atodj,  wbich  eonatltota  a  oaw  departorB,"  - 

The  Children's  Guide  to  the  French  Lan^age. 

By  Atom  Q.  PiaaiCR,  Teacbai  at  French  in  tbe  Ladiei'  College.  Qneen 
Street,  Edinburgh.    Ia, 
Sohoolmaatar.— "  The  method  Is  good,  and  the  book  will  be  foand  belprnl 
by  those  who  have  to  teach  Franch  to  smsU  children." 

GERMAN. 

A  History  of  Qerman  Literature. 

By  JoBw  0.  RoBiB'Tsoi',  Fh.D.,  Prafassor  of  Gterman  in  the  Unlvanitj 

of  London.  6d.  net. 

nmM. — "  In  snch  an  enterprise  even  a  tolerabla  approach  to  saeeeaa  is  soms- 
tbing  of  an  achievement,  and  in  regard  to  Uerman  lltanture  Hr  Robertson 
appears  to  have  made  a  nearer  approach  than  any  other  English  writer." 

Outlines  of  the  History  of  Qerman  Uterature. 

For  the  Uaa  of  Schools.    By  the  Sum  Ainmoa    Crown  Sto,  3s.  6d.  net. 
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DR   LUBOVIUS-    GERMAN    SERIES. 
A    Practical  Qermao  Qramniar,  Reader  and  Writer. 

By  Loun  LinonuB,  Fh.D^  Oarman  llMttr,  Billba^  High  Sobool.  OIh- 
goir ;  LMtorar  on  Gknum,  U.F.O.  TnlnlDg  CoUega ;  Eiiminer  for  TJegnta 
in  Arte,  Unlnnit]'  tt  Olugow. 

Part  I.— ElenunUrr.     3i, 
Pwtn.    8i. 
Lower  Oerman. 

Reading,  SapplemantaiT  OTammaT  irtth  Siercitu,  and  HatetUl  for  Com- 
podtioB.    With  NotM  and  Yoeabnlary,  and  Tan  Bong*  in  Sol-r>  Notetion. 
By  LociB  LuBOvnm,  Ph.D.    Qa.  6d. 
AUMMMun.— "  The  toItusb  ii  well  designod." 
Pnpanttorr  SohooU  B«TloTr.— "  A  ct-pttii  rMdine-book  Ha  mlddl*  fotmi. 

Progressive  Qerman  Comporitlon. 

with  coploai  ITotu  and  Idiomi,  and  Fnar  ImBODUonoir  ro  Qh>am 
Philoloot.    By  Loun  LuBorroa,  Ph.IX    St.  Sd. 
AUo  M  IW  Part*! — 
Protreulve  Qemuui  Compoaltloa.    2>.  6d. 

*.*  A  Seg  {Jar  Tauelwn  OMJy),  6*.  nd. 

First  IntroductioD  to  aerman  PbUolocy.    1>.  sd. 

Jonziwl  of  Ednofttlon.— "Tha  pa*saf(H  for  ttanilatloD  are  mil  *slect«d, 

uid  the  notaa  to  the  paaaigM,  aa  wall  ai  the  gnunmatiaal  IntrodSBtlra,  gin 

nal  aariitanoe The  part  of  the  book  dealing  with  OomMi  philology  daMireo 

gnat  praiia," 


A  Compendlons  Qerman  Reader. 

Coniiitliig  of  Hiitorfeal  Eztraets,  Specimens  of  Geimu  Ut«ntira,  Uma 


hotch-potch  of  niicellaneaui  paiuges  to  be  foond  in  many  of  th«  oldBt  boohi." 

SpartanerJ&aKllnse.     A  Story  of  Life  In  a  Cadet  College. 

By  Paih,  ton  Shzip^bu.  Edited,  with  Vovabnlary  and  Nottt,  by  J.  11. 
HoBBiaoii,  M.A.,  Master  in  Modern  I^ngugM,  Aberdeen  Qrammar 
School.    2s. 


A  Qerman  Reader  for  Technical  Schools. 

By  £WAU>  F.  SBOEUit,  Senior  Ltwgoug  Muter  at  the  Binntnghair  Mnnl. 
dpal  Day  School ;  Oerman  Lectorer,  Blrnilngfaam  Eveniag  School ;  Treneh 
Loctnier,  Stonibridga  Technlod  School.    &. 
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SPANISH. 
A  Spanish  Qramniar. 

with  Oopioiu  bsniiM  in  Truulktton  tad   Omnpoaltlaii ; 
'  ■"■      -    -        " h  Aothiw*:  r  "^    •"    - 


K8liS< 


SHiiiih  A 
llih-3p(mu1 


School,  Qlusow.    3i.  Sd. 


MATHEMATICS. 


With  munerani  Exuuplw,  Barlilan  Tuti,  and  Bzuainatlon  Papen.  Bj 
A.  VnTOH  LOTOUM,  U.A.,  B.Sa.,  F.R.S.E.,  H&thsmatdeal  and  Sdonea 
LMtnrer,  E.C.  Tr^oing  CoUega,  Qlaagow.     With  Annttr:    ia.  6d. 

OvArdlau.— "  A  -work  eC  fint-rate  importanoa We  ahonld  find  it  hMd 

to  niggcat  anj  Improramant W>  Tantan  to  pndiot  that  whan   tb*  book 

baaoma*  known,  It  will  sounand  a  veiy  wida  cirenlatton  in  oar  pmbllc  aabMll 
and  alaawbara." 

Practical  Arithmetical  Ezerdscs. 

Fob  Sbhiox  Pctiu  or  S«B00U,    Oontalning  opwuda  ot  8000  Bxamplta, 

SMuiaUng  In  graat  part  of  ProUaToi,  and  760  Kctnota  bom  Bxnnilnatinn 

Papar*.     Second  Bdltian,  Bariied.      8S4  pag«a,  Sa.     Wiih  Annetrt,  8l  Sd. 

Jaios  Wiltom,   Esq.,   Lteiurf   tm   XdueatUu,    atid   Jicultr  qf  Mt&od, 

FarUUtv  CoIItpa. — "Taiir  '  Prutical  Aritiimetle  '  aeenu  to  me  the  meet  complata 
colleetioa  of  iiirciwa  in  axiatenca.    Both  tde*  and  aiacntliBi  are  azeallant." 

Elementary  Algebra. 

The  Complsta  Book,  288  pp.,  eloth,  3i.     Wiik  Anttfen,  Sa.  Sd.    Amnptn 

Bold  aeparatalv,  price  Sd.    Pt.  I.,  S4  pp.,  6d.    PL  TL,  «  pp.,  <d.    Pt. 

m.,  Ttfpp.,  fli     Pt.  rv.,  96  Rp.,  9d.    JiMwert  toPta.  1.,  ft,  III.,eaeh 

3d.    il«u>wntoPtIV.,Bd. 

BdniwtloiiaJ  Hem. — "A  short  and  compact  introduction  to  algebra. Hm 

azerdaaa  are  remarkabl]'  good,  and  the  ■tringement  ol  the  inbject-matter  la  on 
the  sonndaal  prlniriplee.  Tha  work  la,  on  the  whole,  to  be  eommendad  ai  bdng 
at  once  meipanilve  and  leholarly." 

Handbook  of  Mental  Arithmetic. 

With  7200  Eiampl 
limp  doth,  priaa  Si 
Tautaan'  KoBtbly.— "  The  ezamplaa  a 
Im,  are  of  all  Tarietl«a,  and,  what  ia  most 
dimcnltj.' 

EduMtloiul  IlMri.— "  Thia  la,  B«  a  matter  ot  tact,  at  anee  a  handbook  and  a 
handy  book.  It  ia  an  abaolnte  storehouae  of  (xerdaaa  in  mental  eompatatiana. 
There  are  moat  valuable  practical  hinta  to  teachara." 
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m.  — "Ad  •zooadin^y  Mafol  tut-lwok,  foil  encnurh 
lonal  pOTpoM,  and  vat  not  i«p«Il«it  bj  oTnltwding. 
-"A  liaokwhiah  will  suily  Uie nuk  unong  th«  bert  o< 


BdocatkHial  Work*.  S3 

Modem    Oeometry   of  the   Point,   Stralgbt   Line,   and 
Circle. 

An  Elemmtwy  TrsaUlv.    By  J.  A.  TaiBD,  D.Sc,  Haadnuurtar  of  Spier'a 
School,  Balth.    8«. 
SolioollllutOT.  —  "  Ekoh  bncch  of  thii  wida  inbject  li  traatad  with  brevity, 
It  ij  tma^  and  yM  with  amaiing  oomplotenau  ooniidaTiiig  tlia  dia  ot  Ou  rolnme. 

Boaunaat  aod  Triable  >a  affart  deaarvei  it " 

Jmoiwl  of  BdnmOon.  —  " 

Im  naarly  evary  educational  p  ..^ .._       . .     .       ,    -     -    ,    -   

IMnflBHifiiwl  Nawi.— "A  bookwhioh  will  auily  take nuk  among  tt 
Ita  kind.    The  anbjact  ii  tiaatad  with  oomplat*  tkaranghnaai  and  h«aa*ty.* 

IHensuration. 

lis  pp.,  olotli,  la.    AlH  In  Two  Part*.     Pt.  I.,  PuaUelognuni  and  Tti- 

aiiglea.     «  pp.     Paper.   4d.;    doth,   Sd.     Pt.   n.,   Cinlea  and  Sollda. 

S4  pp.    PapOT,  id. ;  cloth,  6d.    Anncert  may  be  bad  aaparataly,  prlca  3d. 

BaohPart 
Ednofttloiul  TImM.— "The  eiplauatkma  are  always  clear  and  to  the  point, 
while  the  eiereiiea  are  to  exesptiaDally  nnineroni  that  ■  wida  salaction  U  offered 
to  the  Btndanta  who  make  n««  of  the  book." 

nigiier  Arithmetic 

For  Ex. 

Wlth.^ 


QEOQRAPHY. 


Elements  of  Modem  Qeogrraphy. 

By  the  BaT.    ALizantiB   Haokat,   LL.D.,    F.RG.S.      ReTiied  to  the 
preaent  time.    Pp.  900.    Si. 
Solioolliuwtw.— "  For  aenior  papila  or  papll-Ceachen  the  book  oontalna  all 

that  ia  dealnbla. It  la  wall  got  up,  and  baara  the  nark  of  much  oarein  the 

anthorahip  and  editing." 

Oni  Biatdred  amd  Vimajr-Sixih  Tktmtimd. 
Outlines  of  Modem  OeoKraphy. 

By  the  Saiu  Authok.    RaTiaad  to  tha  present  time.    Pp.  128.    li. 
nteaa  '  Ontlinea  '—in  nuny  reipecta  an  apitome  of  thi 
(nlly  prepared  to  meat  the  wanta  of  b^fnnaia.    Tha 
a*  ill  tha  Anthor'i  larger  work*. 

One  Hundred  and  Fi/lk  Thousam 

First  Steps  in  aeojrraphy. 

By  the  Sain  Adthoi.    Ibno,  pp.  64.    Sawed  4d. ; 


ijthau 
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A  Manual  of  Classical  Qeograpby. 

By  John  L.  HTsaa,  M.A.,  Profewor  of  Aoaiaut  Hiitory,  Ozfora. 

[In  pT^fanUion. 

CHEMISTRY  AND  POPULAR 

SCIENCE. 

Forty  Elementary  Lessons  In  Chemistry. 

By  W.   L.  SaboanT,    H.A.,   Headmuter,   Oakhuu   Sohool.      IllnatnM. 

1>.  Od. 
GUjsow  HaimU.  —  "Bemukably  wbU  airuigtid  lor  tatwhing  purpoeu,  and 
■kawa  the  oompilar  to  have  a  real  grip  of  •oncd  adacational  prindplea.    The  book 
ia  olaarly  written  and  aptly  lllaitratwd. " 

Inorganic  Tables,  with  Notes  and  Equations. 

Br  H.  H.  TiMPAnr,  B.8c,  Seienoa  Haater,  Borough  Tschnical  School, 
Shnwebury.    Crown  Sre,  la. 

Tbinss  of  Everyday. 

A    Popnlai   Sciaoeo    Beader    an    Soma    Common   rtiingi.      With    Dln*- 

tratlona.    2s. 
QnardlML — "  Will  be  found  neeful  by  taachan  in  elementary  and  continnatiaH 

■chooli  who  have  to  oondact  claaaea  in  the  'aoiaaoe  of  common  things.' Wall 

and  atrongly  bound,  and  illnatratad  by  baaatifolly  clear  diacnma." 

GEOLOGY. 

An  Intermediate  Text-Book  of  Qeolojcy. 

By   Professor   ChaBLis     Li.Pwa8TH,    LL.D.,    UniTarsity,    Birmingham. 
Fonaded  on  Dr  Pah'b  '  Introdttolorr  Text-Book  of  Qaologry.'    With  Dins- 
tnttiona.    Ga. 
Ednoaitloiul  Hsm.— "The  work  ij  lodd  and  attractlTe,  and  will  take  high 
rank  among  the  bait  tait-booka  on  theanbject." 

FnbUlhwa'  Olxenlu.— "The  airaagement  of  the  new  book  ia  In  erary  way 
'  aioellant,  and  it  need  hardly  be  aald  that  it  ie  tborooghly  up  to  date  in  aU 

detaila Simplicity  and  cleameaain  the  book  are  a<  pronounced  aa  ita  acearaoy, 

and  itndenta  and  taaehen  alike  will  find  it  of  laiting  benefit  to  them." 

EdOMtloU,  — "The  name  of  the  Aathor  ia  a  gnaruitee  th&t  tbe  mbjaat  ia 
effectively  treated,  and  the  information  and  views  up  ta  data." 

PAL/EONTOLOGY. 

A  Manual  of  Pakeontology. 

For  the  Use  of  Stndenta.  With  a  General  Introdactioa  on  the  Principles  of 
PaUeontology.  By  Professor  H.  AluiHl  NlOHOUSOH,  Aberdeen,  and 
BiOBABD  LVdikkUiB.A..  F.O.S.  Jm,  Third  Edition.  Eotirely  rewritten 
and  greatly  enlarged.    2  vols.  Svo,  wttk  1*19  XogravlDCB.    tSs. 
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PHYSICAL  OEOQRAPHV. 

FifUaUh  EdUitn,  JttviitiL 
Introductory  Text- Book  of  Physical  Oeography. 

with  Sketch-Utpi  knd  IllnstratioiK.    B;  Datio  Paqb,  LL.D.,  Ac.,  Pto- 

fassar  at  Oeologj  In  the  ])iirhun  CoUega  of  SoieDcc,  Ncvcutla.    RaTised 

bj  Piofenor  Cbaku*  Lapwdbtb.    Si.  Sd. 

AUmunuo.— "The  diTiiiom  of  the  inlgect  ire  so  cleuly  deinsd,  the  aipluit- 

ticna  era  lo  liidd,  the  relatloiu  of  one  portkm  or  the  lubject  to  kuother  &ie  ao 

Mtiafectorily  ahown,  uid,  above  4]1,  the  bserln^  nl  th*  allied  adeocM  to  Phvaical 

Oeognphj  an  brought  ont  with  so  mnch  pndaioii,  that  enij  mdm  will  feel 

that  dlffiniltiea  hevs  baen  nnaved  uid  the  path  of  atndy  amoothsd  before  him." 

PSYCHOLOQY   AND    LOQIC. 

An  Introductory  Text-Book  of  Lo|;ic. 

With  Nnmeroiu  ^amplea  and  Exendaea.    By  Stdhet  Uibbbbt  Hillonx, 

M.A.  (Lond.),  D.80.  (Kdin.)  -  Eiuniiier  in  Philosophy  in  Iho  UnivBraity  of 

Edinburgh.     Fifth  Edition,  Revised.     Crawn  8to,  Ga. 

Sootonui.  —  "Tliia   is   a   well -studied  acsdemio  text -book,   in  which  tbe 

traditlanal  doctrine  that  haa  beeo  handed  down  from  Aristotle  to  the  nniTer- 

dtf  profeaaon  of  to-day  ia  expounded  with  clearnesa,  and  npon  an  inatrattile 

lyatem  which  leads  upnatniallj  to  the  deeper  and  different  apecnlations  involved 

in  modem  logic .The  book,  in  One,  is  an  excellent  working  teit-book  of  its 

■nbjeot,  likely  to  prove  oaefal  both  to  itndenta  and  to  teachers. 
Elements  of  Psychology. 

By  3IDBBT  HmPFPi*  UkllOUk,  H.A.  (Lond.),  D.Sc.  (Edln.),  and  Habqahkt 
DncmioiiD,  H.A.  (Edin.)    Becond  Edition,  Revised.    Crown  8vo,  5b. 
ScotanuuL — "Thoronehness  ia  a  featare  of  the  work,  and,  tnating  paychol<^ 
•a  >  living  science,  it  will  be  foond  frsih,  inggeetive,  and  np-to-date. 

EdncftUon.  —  "  The  ^nthora  of  this  volome  have  made  aatiafactory  use  of 
accredited  aathorities ;   in  addition,  they  have  pnnnsd  original  inveatigatioDa 
and  conducted  eiperimenta,  with  Uie  rsanlt  that  great  fraahneaa  of  treatment 
marka  their  eontrlbntion  to  the  teaching  of  paychol^y  " 
A  Short  History  of  Lofflc. 

By  ROBkaT  AaamBON,  LL.D.,  Late  Profeaeor  of  Logic  in  the  University  of 
Glasgow.  Edited  by  W.  R.  SoaUr,  Litt.D.,  LL.D.,  Fellow  of  the  British 
Academy,  Professor  of  Moral  PUloaophy,  University  of  Cambridge.  Crown 
3vo,  Ee  net. 
"There  ia  no  other  History  of  Login — abort  or  long — in  English,  and  noaimUar 
abort  work  in  any  other  language." 


FORESTRY. 


The  Blements  of  British  Forestry. 

A  Handbook  for  Forest  Apprentices  and  Students  of  Forestry.    By  JoHH 
NlBBBT,  D.OE.,  Prafeaaor  of  Foreetry  at  the  West  of  Scotland  Agricottural 
CoUege,  Author  of 'The  Foraster.'    Crown  Svo.  6e.  fid.  net. 
Forest  Bntomoloo^. 

By  A.  T.  QiLLalfDBRB,  Wood  Manager  to  His  Orsce  the  Doke  of  Morthnmbar- 
land,  E.O.  Second  Edition,  RnlMd.  With  m  niastratians.  TXrny  8io. 
ISa-neL 
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Sti  William  BlackwcMxl  &  Sons'  List 

ELEMENTARY   SERIES. 

BLACKWOODS' 

LITERATURE    READERS. 

Edited  by  JOHN   ADAMS,   H.A.,   LL.D., 

ProtMHT  ot  UlCillOD  li  tba  tInlTeraItT  ol  LoMoa. 

BOOK    I Pp.  228.    PrioBla. 

BOOK   II Pp.  375.    PrioUU. 

BOOK  III Pp.  SO!.    PriM]>.Cd. 

BOOK  IV Fp.  SSI.    Piioe  li.  Sd. 

NOTE. 

Thla  new  Seriga  would  aeek  to  do  for  Literature  what  hma 
alreaJy  been  done  by  many  aerlea  oJ  School  Readera  for 
Histoid,  Oeography,  and  acjeocft.  Many  teachera  feel  that 
their  pupils  should  be  Introduced  ms  aoon  aa  poaatble  to  the 
worka  of  the  great  writers,  and  that  reading  may  be  learnt 
from  theae  works  at  least  as  well  aa  from  compilations 
apedaily  written  for  the  young,  because  of  ''oc*"*  changes 
In  Inspection,  the  present  is'^^TpSlall^^ul table  time  for 
the  Introduction  ol  auch  a  aeriea  Into  Elementary  SchooU. 
In  the  Preparatory  Uepartmenta  of  Secondary  Schools  the 
need  tor  auch  a  aeries  la  clamant. 

It  Is  to  be  noted  that  the  frooka  are  Bot  manuala  of 
English  literature,  but  merely  Beadera,  the  matter  of  which 
is  prawn  entirely  from  auttiora  of  recognised  standing.  All 
the  usual  alda  given  In  Readera  are  aupplle«li  but  tHustra- 
tlona^  as  aftordlng  no  help  In  dealing  with  Literature,  are 
excluded  from  the  aeries. 

"The  Tolnmea,  whloh  >i«  oapltaUr  priatsd,  ooiulit  of  aeleated 
rBadlnBe  of  InorauinK  diffloultT,  to  whutk  noMa  and  ezoraiwM  axa 
addftdatth*  end.  The  ■•looted  plooea  are  adniiTftblTOtkoaMi,e<pealallT 
In  the  later  booki.  whloh  will  form  a  befflimins  for  a  re^Ur  eonnd 
and  wide  appreoution  of  the  storea  of  good  'W"y'<"*'  rerae  and 
prOie."— .4  Ibtamam. 

"The  uleoted  readinKa are  Intereatlna,  and  poaaeaaed  of  real 

literary  Taloe-  The  book*  are  well  haand,  the  paper  ia  ezoeUent, 
and  the  nnuanal  boldneaa  and  olear  apaolnc  of  tbe  tjpe  go  far  to 
oompenaate  for  the  entire  absanoe  of  piotorialuluatrationa."— Oaarrilaa. 

"i.  very  exoellent  l^doa  to  the  more  aooeaalble  heiahta  of  the 

Bnaliah  Famaaana The  appendioea  on  apeUlDg.  wora.baUdlna, 

and  KraimnaT  are  tbe  work  of  a  akllfU,  praotiMl  teacher."— MB 
Mall  OaMMU. 

"If  we  had  the  making  of  the  Sngliah  Xdneatlonal  Oode  fbr 
Biementarr  Sohoola,  we  ahonld  Inaert  a  Tegnlatlon  that  all  boya  and 
girla  ahould  apend  iwo  whole  yeara  on  theae  four  booka,  and  on 
nothing  elae."— Bntftartf  Oburrer. 

"TSm  book!  are  graded  vlth  remarkable  akUI."— aiaagew  UtmU. 
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THE  STORY  OF  THE  WORLD. 

FOR   THB;  children   op   THB    BRITISH    BMPIRB.      (In  PIve  BoMu.} 

ByM.  B.  SYNOB. 


BOOK  L  ON  THE  SEOBEB  OF  THE  OBBAT  BE&.  la.  td.  ' 

Colonial  EdlUm,  u.  Sd. 


3&"t-?»« 


r  Abnhim— iDta  Atrks— 
The  CUldnn  of  Iirul— 
it  Fleet— Hinm,  Slag  of 
_,.-  KlngSolomon't  PlMt~T)iB  StotJ  of 
(kntann—Tlu  Slory  of  tha  Argaunta— The 
Blege  of  Tror— Tfa*  AdTsoturea  of  Dl^uai— 
The  Dewn  of  Hlitfltj— The  PWl  of  Tjre— 
TlieRLeeof  Outlugs— Hbdiio'i  Adnutnm 
~Tbe  Binla  of  MumUiao— KlngAb — 
—How   LaonldM    kept   tb*    VtMt 


Omk  OoloulM— Athroi  — Th«  DHth  of 
Bocntai— The  Story  of  Bomnloa  ud  Rsmiu 
— HowHontiiu  kept  the  Bridge— OotioUDO* 
— Alenodar  Qa  Qreat— King  of  Itocadool* 
—  Tb*  Oonqoeat  of  Indli  —  Alexuder'e 
Otty— Tbe  Bomu  Pleat— The  Adventniee  of 
Humlbal— The  Rod  of  Oarthtgg -~  The 
TrlDmph  of  Roma— Jollal  Oiegu-  — The 
Plight  of  Pompay— The  Death  of  Cneai. 


IBOOK  n.    THE  DIS00VEB7  OF  HEW  WOELDB.    li.  6d. 

rid— The  Tnigedy  of  Nero—      Maid  of  Orle«o»—Prlnoe  Henry,  the  Bailor— 

— The^paatrnctlDn      The  InTentlon  of  FrlDtUig— Vaaco  da  Oami'a 

Brmt  Voyage- Golden  Goa  —  Ohrirtortior 


.in  pall— Ml 

-Jorth— KU, 

v  the  Nonnman  oonqoand      .^     .. 

The  Pint  Oniaada— Vradailek  Bubanaaa— 
Tha  Third  Onuad*— The  Dsya  of  OblTsliy 
—  Queen  of  the  AdilaUo— Tha  Story  of 
Mareo  Fido  —  Danta'a  QnM  Poam— The 


Jmr' 


Smlta— MonUnuna— S<(«g  In 

Hoilca  —  Oonqoeat     of    Parn  —  j 
AmkanlDg. 


BOOK  HI    THB  AWAKEHIHQ  OF  EUBOFE. 
Oolonlil  BdlUan,  U.  Sd. 


%t  of  the  tfatharland>— The  Stary  of 
tin  Lalhaiv-The  Muaaoa  of  Bt  Bar- 
omaw— Tha  Blege  of  Lvrden- WlUiun 

BUent- Dnke^e  Voyan  loimd  the 
Id— The  arealArmadi— TliBlnl»— Btotj 
he  Rarenn-Slr  Waltar  Baleiaji— Tha 
liy  <liiaan  — Pint  Voyage  of  the  Eaat 
a  Offlnpany— Haniy  Hndaon— Oapttln 
I  Smith- The  Fonnding  of  QoaMo— 

FU«rln  Filhan— Thirty  Team  of  War 
u  Ditak  at  8a*— ^u  RIebMk'i  Ooloay 


— OllTar  Onomell— Two  Famona  Admliala 
—Da  Bnyttr— Tha  PooDdar  of  Pennayl. 
Tinla— Tha  'PUgrlm'*  Procreaa'- WllUam'a 
iDTlMtlOD— The  Btrnnlaln  Ireland— Tha 
SlagairfTlaimalvtlieTarkt— TheBlorr  of 
the^ngnanota— n*  Battle  of  Blanhaim— 
How  Peter  the  Oraat  learned  ShlpbnlldlBg 
— Ohailea  ZII.  of  Sweden— The  Boyhood  of 
Pradarlek  tb*  OiMt— Anaon'i  Voyege  nnnd 
the  World— Mula  Tharat    Tha  StAiy  of 
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THE  STORY  OF  THE  WORLD— ««i«M«rf. 

BOOK  IV.    TEE  STBITQGLE  FOB  BEA  POWEE.    It.  Sd. 


TBI  StoTv  of  the  Orut  HoeqI— Robact 
CUn— Tbo  Bimck  Bole  o[  Cilontta— The 
Stnigglfi  for  Xortih  AtDOHc* — Qaoive  Wuh- 
tBEton— Hem  Fltt  uv*d  EiigliDd~-Tbe  Full 
of  (InebM— " Tlu  Qnit  Lord  Btwkt"— 
Tbt  DecUnMon  Df  Ind«pend*ne*— Oiptain 
Cook's  8toi7-~J>mM  Bruo*  ud  Uu  Nile— 
Tk«  TiUl  of  Wims  Hutlngi  —  HtrU 
AntolDetta  —  Tha  FUl  ol  th«  BuUlt  — 
Nipoleon  BoDipaito— Hontio  NalKs— The 
AdiODtani  of  flmiga  Pirk— The  Tntele  of 
Buon  Hmnboldl^^e  BitUe  of  th*  Nile— 


CopenliueD  —  NipotsoD  —  TnUor  —  Tb* 
Death  of  NalgoQ— The'  RlM  of  Wellingtan— 
The  Flnt  Aaitnllu  OoIodt— Htw?  ol  tbe 
SlKTO  Tndo— lis  DafSnoe  ot  Bmgniii— air 
jDhn  Hoora  mt  Coniiuift— The  Tiotory  of 
TaUven— Th*  PaauDt  Hero  of  th«  Trrol— 
Tha  "ShuuDB"  and  the  " Cheaapeaka "— 
NapolMB'a  Betnat  trois  Hoacow^WelUng- 
Wi  Vletoilu  in  Sudii— lla  FUl  of  the 
Empiie— awry  of  th«  Steam  Bagine— WaUc- 
loo—The  XiDe  ot  8t  Belaaa. 


BOOK  T.    OBOWTH  OF  THE  BBTTISH  EKPIBE.    ta. 


'  ShId  loat  Bonth  Amarloa— The  Qreel 
war  — Victoria,  qnetn  of  Bnjdand— The 
OreM  Boot  Tnk— The  Btorr  otRatal— Tha 
Btorj  trffianeia  Thn  WiniJiig  of  Uie  Weat 
—A  8na(  AioUa  KxpodlUon— tHaeoTeriea  Id 

Autnlla— Tb*  I-ait  King  rr. 

Koaiath  and  HaDgai7j~The  Oriaean 
The  lodlan  Hutlnj- 


— Foaniling  1 


The  Fraucc-Oen 


— . _    „ dlwovatlaa  In 

Oantnl  Africa— Ghlna'i  Long  Sleep — Japan, 
Britain'*  Allj—Rnaila— The  AnnexallOD  of 
Bnnna— The  Storj  of  A^hanlnaa— Tlie 
Umpire  of  India — GoidoD,  tba  Hero  of 
Ehanam— The  RederapUcni  of  Bgrpi—Tba 
StoTT  of  Britlah  Weat  Africa— The  Stoir  of 
Unanda  —  Tba  PoaodinE  of  Bhodeafa  — 
Bhtlah  SoDth  AMn  — The  Dominion  of 
Oanada- Amlralla  — The  New  NutioB- 
Freedom  for  Cuba— Reign  of  Queen  TIetoria 
—Welding  the  Empire— Cltlmuihl p. 


UallWB  wHb  thli  S«Tl«4. 

THE    WORLD'S    CHILDHOOD. 

•.Wllb  •umaroBi  lllaMratloa*  by  BiiuMlty  /.«  Fmma. 
I.    STORIES  OP  TUB  PAIRIBS.     lod. 

mSTSHTS 


1.  Ll^t1»  Red  Bi.dlng  Hood. 


11,  Oin-d(ir*l-ia— Fart  II. 
It.  Tba  Loat  BalL 

13.  Jack  the  Ol-aot  EUI-ar, 

14.  BtaMirlght  and  Blrd.le. 

IB.  Peteli-Du-UDg. 
a  Nightie  I 

i.  The  8laap-ing  B> 


9.  Pnaa  In  Boota. 

1.  The  LIt-tle  Giil  and  tlie  Oata. 

S.  Jack  and  th*  BaaS'Stalk. 

9.  OoMy. 

0.  Cln-der-el-la— Fltt  I. 

II.    STORIES  OP  THE  aREEK   OODS   AND   h 

1.  A.bont  the  Ooda.  13.  At-i-Iai 

g.  The  Namee  ol  th»  Ooda. 


S.  The  FialU  of  the  Earth. 
8.  Ca-pld>a  Oald.«n  Ai-ma. 

10.  PatfiHpa. 

11.  A  Long  Sleep. 

11.  Tha  Ra-mrd  al  Elsd^Ma. 


1«.  Th«  Spinier  and  hie  Web. 

17.  I^j—tte  While  Co*. 

IS.  The  Three  Golden  Ap-plee. 

19.  The  01-l»e  Troe. 

30.  A  Bor  H«r«  ol  Old. 

11.  The  Thread  of  Ar.|4d-ne. 


IS.  ThaOoid^D 
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Tan  a  Avid  Ukolr  to  mkke  It  ii«l*t»bl»  M  yoang  Mki,  "F" 

.  JO  In  thns  '  StnrlM  oT  the  Bngllali.'    It  1«  no  eiaggar*tli>n  to 

mj  itAt  the  book  iB|ii«iiut«  oot  onlr  '  mtttrpltc*  Im  llUrmiun  tor  cUUna, 
bnt  k  work  of  sa  lU^lit  Tain*  (or  th«  lutional  pwd."— Scalaoiwi. 

STORIES    OF   THE    ENGLISH 
FOR    SCHOOLS. 

By  F. 

FOR  JUNIOR   SCHOLARS. 
Tsu  1-FROM  THB  GOJUNG  OF  THR  BNeLIBH  TO  THB  ARMAUA.  -  la.  Sd. 

it  th«  Whita  Hon«— Tba  aamlDR  of  tli«  Crora— Th«  Fight 
a'arnl—Bdmrd  the  Conrenor— WUllun  tba  ConiiuersT— Tba 
im— Richard  Lion- B«ut— King  John  uul  llt|;iui  CtuirU— r  ' 
nud  tha  EngUshmin— Binnookbuni  and  Barkalny— Tlio  LI 
lUuoDfid — Prlnoa  HlI— King  H«tt — Tha  Wan 
Hmrr  TIIL  and  the  Revolt  from  Rome— Bdmrd  VI,  and  Marv— Blisi 
Qneen ;  (1)  Incliah  AdTanturera  and  Ita  CnilM  of  the  Prifnm  ;  (S)  Maiy, 
If)  FipUt  Plot!  and  the  Kanaon  ot  Balnt  BartbolomeH ;  (4)  Tba  Armada. 

ILLnSTSATIONS.—Dovei  Oastle— The  Pharoe,  Dover— Noraeman—Honwa  of  our 
Anesrtora— ChitMB  OmUUud— Tombof  aCrMador  (QarraM  AUrd),  WinuhabiBa  Cbuiuh— 
Oanarvoa  CuUa— Connallon  Chair,  WeetmlniteT  Abbe^— EiijEhls  of  the  Foonaentb 
Oentorr— Kdwaid  the  Third— The  Battle  of  Ciwiy— Tomb  of  Bdward  the  Thini,  Wait- 
mlngtor  Abbef— Tomb  of  th(  Black  Prlnca,  Cuitarbury  Oatlieilnl— Rlcbud  [|.  on  hla 
rofMgt  to  Irslaod— Jareailem  Chamber,  WBetmlnatet  Abbey— Henry  V.  with  MillMiy 
Atlandaota— Hanrr  V.  addieailng  Ills  Arm;— Joan  of  Aro— The  Crowniog  of  Hanry  Vll. 
on  Boivorth  Plekl— Hsnrr  VIII.— Wol»y— Sir  Thoauu  Hon  Caking  leava  of  bie  DHOghtar 
—Calais  during  tha  aiit«nth  CanCurr— Qneen  Bllabeth— The  Armada— Diake—Marjr. 
Qosen  of  Soota— Dnka  playing  Bowla  wlt£  hia  OapUIni— 8ii  Waltar  Balelgli. 

FOR  SENIOR  SCHOLARS. 
Vol.  II.— TBB  STRnOGLB  FOB  POWER  AND  GREATER  ENQLAND,- 1«.  Sd, 
COWTBffra.- Tha  Flnt  of  tba  atnarta— Tha  Stnirale  (Or  Power— The  Poritan  TWnny 
-The Swond  SODBjie Ibr  Power :  Charlea  II.— The  Rsmlatlon— The  Fight  with  FnuMai 
The  Ihxtoh  King— QikeeD  Anna  and  Uarlborouab — Gnatar  EnKland — The  Story  of  Anaon — 
The  Htnn  nf  Vnira— Tha  Story  of  Captain  Ocnk- The  Story  ofOllTe— The  War  of  AmericaD 
la  great  Fnooh  War— The  Story  of  Nelaoa- The  Story  of  the  Qreat  Duke 


with  Uie  RarSD- Alfred  tba  Qreat— Edward 
Kdnga  of  tha  Ooldan  Broom- Rlcherd  Lion- 
ffimon  the  RIghteoua — Bdwaid  tba  EogUshmaD- Baxnockbum  and  Barkalay- The  Lloi 


—The  Bnd  of  the  Blorlea. 

ILLUSTRATIONS James  I.— Bacon— Charles  L— A  OaTaller— OUtst  Cromwell— The 

Qreat  Firs  of  London— The  OeveD  Bishope  going  to  tke  Tower— Iianding  ot  Williaoi  of 
Oniute  In  BoKhuid- Harlborongh — Glbialtar — Chatham— Fi^t  betwaan  tbs  OiUwlnn  and 
the  Hanila  ffldp— Oenaral  Wolfa— The  Death  of  Captain  Oook  —  Waabingtoc  —  Pitt- 
Napoleon  BonapailA-Helsoii— H.H.B.  VittBrt,  Portonoi^Ui  Harb 
—Napoleon  on  boaid  tlie  BtUtrofhati- 

Molrm  O'Neill,  Anihor  of  'Bonn  of  tha  Olan  of  Antrim,'  writing  to  ICr  Blackwood. 
aayi:  "F.'a  'Storlaa  ot  tha  Kngllah '  ma  vrllton  tor  my  llnia  daaglitar  Bnuui,  The 
shlld  U  quite  Awdnatwl  by  It,  bnt  sqnally  ao  are  all  the  grown-np  frienda  to  whom 
I  hava  ahown  tL  I  I«Dt  It  onoa  to  a  aaUor  nnsle,  and  ha  Mt  op  to  all  honn  of  that 
night  with  It,  and  aftarwarda  told  ma  that  ha  oonld  hardly  beUara  that  nch  an 
account  of  Nelion'i  freat  battle*  had  bean  mitten  by  a  woman,  becanaa  it  was 
taohnlcaUy  aooniata.  And  a  aoldlai  Criaad  and  orltlo  lusd  almoat  tks  aam*  wonU 
abont  the  acconnt  of  ICarlboTongh'a  oaiBpaigna,  1*.  la  tk*  m«*(  patient  and  faithful 
atudent  o^hiatory  that  I  know.    Sh*  haa  anch  a  strong  literary  ■anaa  that  ahe  almply 
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WnUam  Blackwood  ft  Sons'  Ust. 


Standard  Readers. 

Keriaed  Edition.  With  SnppleniBntuj  Pagw,  CMiirtiDg  of  "SpeUing 
Liita,"  "  Word -Building, "  "FrsBiei  and  Snffiiea,"  ftc.  ProfuMly  nlm- 
tratad  with  Saperior  SngriTingi. 

BOOK     I.    ULaawni         ,  .  .  .  Sd. 

BOOK    n.    40L«iMiu  .  .  .  .  ed. 

BOOK  m.    60  LeMOW         .  .  .      la.  Od. 

BOOK  IV.    eO  hmota         .  .  .      Ii.  Sd. 

BOOK    Y.    SO  Lamuu  .      li.  M. 

BOOK  VI.    SO  Lhboiu  .      Ii.  Cd. 

SchoolnuMtw. — "W«  itrouglr  racommeiid  tbew  boolu. Children  will  ba 

sure  to  like  them ;  tha  mattar  Is  aibemslj  aoltabla  and  IntamtiBg,  tha  [Kiat 
very  diitinat,  and  tha  p«p«r  >  plaunra  to  feel." 

lotant  Series. 

FIBST  PICTURE  PRIMER. 
SECOND  PIOTUBB  PRIMER. 
PICTURE  READING  SHEETS. 

iBT  SlRIH.     I     SHD  SSBBS. 

Bach  containing  IB  ihaeti,  uunonntad,  3*.  ii.    Uonnted  on  3  boarda, 

with  cloth  border,  price  111, ;  vamisiiad,  Sa.  Sd.  per  ut  axba. 
Or  the  Ifl  Bheata  Idd  on  linen,  vamiahed,  and  monntad  an  a  rollar, 

I7i.  ed. 

THE    INFANT    PICTURE    READER.      With   namamnj   IllnAationi. 
Cloth,  limp,  64 
EdneatloiMl  Newt.—"  Teachan  will  find  thaaa  Priman  a  naahl  introduction 
to  the  art  of  reading.    We  consider  tbam  wall  adapted  to  their  pnrpoaa." 

Oeograpblcal  Readers. 

with  nnmerona  Hapi,  Diagrami,  and  Dlnatratlaw. 

GBOORAPHICAL  PRIMER.     (For  Stand.  I.)   »6  pp.     9d. 

BOOK      L    (For  Stand.     IL)    96  pp.  9d. 

BOOK     II.    {For  Stand,   m.)  IH  pp.         .  .    li.  Od. 

BOOK  ni.    (For  Stud.    IV.)  102  pp.         .  .    is.  8d. 

BOOK   IT.    (For  Stand.     V.)2E6pp.  .    Is.  Bd. 

BOOK     V.    (For  Stand.   VL)  256  pp.         .  .    Is.  ed. 

BOOK   TI.    (For  Stand.  Vll.)  2M  pp.         .  .    la.  M. 

SohoolBlBStar.  —  "  Thii  ia  a  realljt  aicallant  aeriea  of  Oeo^raphieal  Raaden. 
The  Tolnmaa  hata,  in  oonunon,  tha  attractivaiiaBB  which  ^ood  paper,  clear  tTpe, 
eSMtiTa  woodcnta,  and  durable  binding  can  preaent ;  whilst  their  contents,  both 
aa  to  qualltj  and  qnantitt,  are  so  graded  aa  to  be  admiiabl;  ad^tod  ta  tka 
laToal  stages  af  the  pnp&'a  progiaaa." 
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Bdacattonal  Works.  61 

Historical  Rawlers. 

WHh  maotnat  Pcrbalta,  Hap*,  ud  otlwr  IllnrtKtiou. 
SHORT     STOBIK     FROM     BNOUSH 

mSTOBT IN  pp.    la.  Od. 

rntBT       HIBTOBIOAL  RRADXB  .    1«  pp.    li.  Od. 

SECOND  HffiTORICAL  BKASER  .    234  pp.    la.  4d. 

THIRD      HIBTOBICAL  REAJIKR  .    SH  pp.    la.  M. 

tillliin1rnit»r — "  Tkaaa  maw  Hiatoiieal  Baadara  luTe  bean  antaHj  eompltod. 

nia  faflti  ara  mil  aalactad ;  tha  itn;  la  wall  told  In  Unguga  moat  likwjr  t« 

iMpraaa  itaalf  in  Iha  mamorr  of  Tonns  ohildiaa ;    and  tbt  poatUal  piaoaa  ara 

Btnng  accompantmanta  to  the  proae." 

'-*--''  ** *.  OhlOBloUk— " Tha  traabnent  ia  uneonraDtlonal.  bat  alwaja 

The  Talnnua  will  ma«t  with  mnoh  fkToaT  g«D«iauT  at  UtcIj, 
high-tonad  Hlatorlcal  Raadan." 

Standard  Aatborg. 

Adqitad  tor  Schoola. 
HAWTHORNE^  TAHOLKWOOD  TALBB.    With  Not**  and  lUnitn- 
tiaM.    IBOpp.    la.  Id. 

Aytona'i  Lays  of  tbe  Scottish  Cavaliers. 

WlUt  Introdaetiaa,  Not**,  and  LUa  of  tha  Author,  En  Jnnlor  Clauaa. 
BDINBUBOH  AFTER  FLODDBN  .  82  p«««(,  2d. ;  olotti,  S^d. 
THB  KXBCnnON  OF  HONTSOSB  .  S3  pagaa,  2d.  ;  doth,  S^d. 
THE  BDBIAL-MARCH  OF  DUNDEE  82  pi«**,  2d. ;  oloth,  Bid. 
THE  ISLAND  OF  THE  SCOTS    .        .    S3  pagM,  3d.  ;  eloth,  S^d. 

T*Mh*n'   Aid,  — "Capital    aonotatad    •dltioni Baautlfall;   olaar   and 

painatakliig ;  we  comnand  th*m  baartUj  to  onr  brothet  and  lUter  teacher*.' 
Bdiuatloaal  Hawi.— "  Oufol  iainea  of  well-known   poenu. The  notaa 

an  eiceadlnglf  appropriate,  and  leave  nothing  in  doobl    For  daaa  pnrpoae* 
w*  oaa  Bpedall]'  racommaad  theaa  little  booka." 

School  Recitation  Books. 

BOOK  I.  S2pagN  ....  2d. 

BOOK  n.  82paga>  ....  2d. 

BOOK  III.  18  pagei                    .                       .  8d. 

BOOK  IV.  48  pages  .            .           .            .  Sd. 

BOOK  y.  M  pagea                                           .  4d.  ' 

BOOK  TI.  64pagea  .            .           .           .  4d. 

Sohoalmlrtrtif. — "Tbaae  ali  boola  ara  a  valnabla  oontributian  to  achool 
Utwatnra.  Tlie  poem*  for  easli  itandard  ara  Judialoiul]'  ohoaan,  the  explanatory 
not**  and  qneaUoDa  at  the  end  of  OTeiy  laatMin  are  rvj  anltabla." 
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Qrammar  and  Analyris. 

BOOK     II.    24  p*gM    .  .    P«p«r,  ltd. ;  doth,  2^ 

BOOK  m.    34  pagM    .  .    Ttptr,  l|d. ;  doth,  a^d. 

BOOK   JV.    48p«g«    .  .    PKptT,  2d. ;    doth,  Sd. 

BOOK     Y.    e*  ptgM    .  .    Paper,  Sd.  ;    doth,  4d. 

BOOK   VL    MpHM    .  .    Papra,  Sd.;    cloth,  4d, 

BOOK  Vn.    U  pagai    .  .    Pipar,  Bd. ;    ototh,  4d. 

Schoolnuatw.— *'Thli  li  a  aaiiu  of  good  pnotioal  books  wboaa  mwita  ought 

to  ennm  for  tham  a  wide  aala.    AmonK  their  leading  meriti  an  dmpUdtj  in 

definitlana,  Jndidoat  recapitulation,  and  abnndaaoa  of  wall-Mleetad  exerciMW 

for  practice. 

Ttftohen'  Aid.— "Por  thoronghaeaa,  Dathad,  ftJU,  and  hlgh-daaa  wmfc, 

commend   ca  to  theae  little  text-booU A  practtoal  hand  liaa   ImpreMad 

everr  line  with  IndiTidnallt; We  an  detarmiiwd  to  oia  tbem  In  our  owb 

department." 

Arithmetical  Exercises. 


BOOS  I. 

BOOK  n. 

BOOK  ni. 

BOOK  IV. 

BOOK  V. 

BOOK  VL 

BOOK  VII. 


Paper,  IJd. ;  doth,  S^d. 
Paper,  IJd. ;  cloth,  IVL 
Paper,  Sd. ;  doth,  Sd. 
Fftper,  Sd. ;  doth,  Sd. 
Paper,  2d.  ;  cloth,  Sd. 
Paper,  Sd. ;  doth,  Sd. 
Paper,  Sd.  ;    doth,  4d. 


HIGHER  ABITHHETIC  tor  Ei-Standard  and  Conttnna- 
Uoti  Claasea.    12S  pp.  .  .    Paper,  6d, ;    doO,  8d. 

•t*  AA'SWKRS  may  it  Had  teparaldi/,  and  art  lufpUed  dinct 
to  TemAtri  an^. 
Ve  can  >ipeak  in  terma  of  high  pruu  respecting  thii  seriaa 
of  Arithmetloal  Sierdiea.     They  have  been  carefollf  canstrncted.     Thej  are 

well  graduated,  and  contain  a  large  and  Tailed  collection  of  example*. We 

can  recommend  the  series  to  onr  readers." 

SahoolffilBtrM*.— "  Large  qnantity,  excellent  qnalit;,  great  Tsriatr,  and  good 
arrangeinent  are  the  diaracterutiea  of  this  aet  of  Arithmetical  Eierolaes." 

Elementary  Qrammar  and  Composition. 

Based  on  the  Ahutbib  or  SDimran.    With  a  Chapter  on  WoacBuiLDiHa 
and  DtHiTiTiOH,  and  containing  nnmerous  Exercises.    Mew  Edition.    Is. 
Sohoolmsitar.— "A  Terr Tsliuble  book.    It  iiaonitnicttTeasw«UaiBual7tie, 
and  well-planned  exercises  baTs  been  framed  to  teach  the  youne  student  how  to 

Qietbe  elements  of  Ms  mother-tongne. A  junior  text- book  that  is  calculated 

to  jield  most  satlefactorr  results. " 

EdnMUnud  TbnM.— "The  plan  ought  to  work  wdl A  decided  adTanea 

ftom  tlie  old-fasblonad  practice  of  teaching." 
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Orammar  and  Analy«i». 

ScotckCod^ 

STANDARD  IL  24  pagei.  Papar,  lid. ;  dotb,  T^i. 
STAMDAKD  m.  32  p<«M.  Papar,  lid. ;  doth,  sja. 
ETTAHDARD  IV.  £6  pagM.  Paper,  3|d. ;  doth,  S)d. 
STANDARD  V.  H  pagM.  Papn,  2td. ;  doth,  S^d. 
STANDARD  VI.  M  pagM.  Paper,  8d. ;  doth,  4d. 
TMehan'  Aid. — "  Thasa  an  thoaghtfull?  written  and  Tar;  practloJlj  con- 
oaired  Uttla  hdpi Tha;  an  mnat  ovtuiutlTc,  and  brimming  with  examples." 

New  Arithmetical  Exercises. 

Scotch  Coda. 

STANDARD      I.  SS  pagai  .  Paper,  I^d. ;  doth,  2id. 

STANDARD    11.  83pagei  .  Papar,  1^  ;  cloth,  2id. 

STAIfDABD  DL  K  pagea  .  Paper,  2d. ;    doth,  Sd. 

STANDARD    IV.  H  pa^ea  .  Paper,  Sd.;    cloth,  4d. 

STANDARD     V.  80  page*  .  P»p«r,  U. ;    doth,  Sd. 

STANDARD   VL  SO  pagea  .  Papei,  4d.i    doth,  6d. 


*.*  AlfSWSRa  may  >»  *^  tparattly,  and  an  n^tpUei  tUrtat 

to  Taacktn  atdg. 

TMTlil«timi»l  Hawm.— "'Hie  gradation  of  the  eierdiaa  ia  perfect,  and  the 

eiamplaa,  whlah  are  very  nnmaroiu,  are  of  eTery  coneaiTable  variety.    There  ii 

ample  choice  for  the  tuoher  nndei  every  head.    Ws  remmmsnd  the  aarlM  *a 

eiMllant  School  Arithmetic," 


Merit  Certificate  Arithmetic 

M  pp.    Papar  coTer,  Sd,    doth,  Sd. 


1S8  pp.,  doth,  1),  Alaa  in  Two  Parta.  Pt.  I.,  Pandlalograma  and 
Tiianglaa.  84  pp.  PaMT,  4d.;  aloth,  Sd.  Pt  n.,  Cirdea  and  Solida. 
S4  pp.  Paper,  4d. ;  cloth,  Sd.  Aumm  may  he  lutd  MpMataly,  prlc* 
2d.  aadi  Pari^ 


A  nrst  Book  on  Physical  Oeography. 

For  Uae  in  Schooli.    S4  pp.    4d. 
JmmAl  of  Ednofttton.— "Thia  i>  a  capital  little  t>ook,  describing  shortly 
and  dearly  the  geographioal  phenomena  of  nature," 
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Manual   Instructloti — Woodwork.     i>K»inD  to  wan  thi 

BMvnaMMxna  of  thi  Hnrun  or  thi  Bomca  ajto  Abt  Defabthmht 
on  Hasdal  iNBTBConoK.  By  QEOKOE  BT  JOHN,  UndmomliuticiiuU 
School,  Handsworth,  BtnnlnghAm.    With  100  ninatntioM.     li. 

Blackwood^'  Simplex  CivU  Service  Copy  Books. 

Bj  JoHK  T.  Puwn,  B.A.,  Lalth  Aaiimaj.    Pric«  2d.  mcIi. 

CONTENTS   OF   THE   SERIES. 
Ho.  1.  Klunento,  Bhort  LetMi,  Word*. 
II   2.  Long  Latten,  Bttj  Watd>. 
.    8.  Capitals,  HaU-ltne  Wonli . 
n   t.  Tait,  Donble  Baling,  Sentoneei. 
H    S.  Ealf'Tart,  Benteneai,  Ftgnna, 
1.    6.  Small  Hand,  Donble  Knllng. 
a    7.  Intannodlate,  Tranaoriptlon,  kc 
H    8.  Small  Hand,  Singla  Bnling. 
The  BtadUnn  «n  grathuUtd,  vf-ta-datt,  emd 

Blackwoods'  Uolveraal  Writing  Bookd. 


Han  baao  dMignad  t«  aaoMnptar  tha  abora  *Mia«,  and  taaohan  vUl  find  it 
'       ■  ■■    maaKoU-      "     ■       •  

Lowm  CUSUB,  No.  3  tot  HisHiB  Cujsn.    i^aa  2d,  aaoh. 


adTantagaooi  to  nw  tham  aa  Dictation  Gsplai,  beeaoae  by  tliem  tha  laarner 
Is  kept  eondnnally  writing  at  tha  eoTT«at  alopa,  As.    no  I.  ia  adapted  for 


'"  Dor  laadara  wonid  do  well  to  write  for  a  apedman  of 
thia  book,  aad  of  tbo  blank  aisrelae-booka  rolad  on  tha  aaoa  prindple.  They 
al«  worth  aai^l  ■ttantion." 

StAool  World.— "Thoae  talMhen  who  an  aDiiona  to  to^n  thdr  pofdla  to 
writs  in  the  mle  aaaodstad  with  OItU  Servloa  Compatltiona  ahonld  Ond  tha 
eopjr-booki  daaignad  \iv  Hi  Pearoa  fair  lueAd.  Tha  writing  la  eartainir  almple ; 
it  maj,  in  fact,  b«  rednoad  to  fonr  alamaata,  in  which  the  pupil  ia  tigorooaly 
eieroiaed  in  the  earlier  baoka  before  praoeedlng  In  later  niuntMn  to  cootinDOiu 

'-*     '  "Thoae  of  onr  readara  In  aaaroh  of  new  hooka  ahould  aee 
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